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HOSE who have had much occaſion to uſe 
the mathematical inſtruments conſtructed to 
facilitate the arts of drawing, ſurveying, &c. have 
long complained that a treatiſe was wanting to ex- 
plain their uſe, deſcribe their adjuſtments,. and 
give ſuch an idea of their conſtruction, as might 
enable them to ſelect thoſe that are beſt adapted 
to their reſpective purpoſes. 
This complaint has been the more general, as 
there are few active ſtations in life whoſe profeſſors 
are not often obliged to have recourſe to mathema- 
tical inſtruments. To the civil, the military, and 
the naval architect their uſe mu be familiar; and 
they are of equal, if not of more importance to the 
engineer and the ſurveyor ; they are the means by 
which the abſtract parts of the mathematics are 
rendered uſeful in life, they connect theory with 
practice, and reduce ſpeculation to uſe. 
Monſieur Bion's treatiſe on the conſtruction of 
mathematical inſtruments, which was tranſlated 
into Engliſh by Mr. Stone, and publiſhed in 1723, 
is the only regular treatiſe * we have upon this ſub. 
ject: the numerous improvements that have been 
made in inſtruments ſince that time, have rendered 
this work but of little uſe, It has been my endea- 
ot e 
* I do not ſpeak of Mr. Robertſon's work, as it is con- 


fined wholly to the inſtruments contained in a caſe of draw- 
int inſtruments. | 
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vour by the following eſſays to do away this com- 
plaint; and I have ſpared no pains to render them 
intelligible, and make them uſeful. Though the ma- 
terials of which they We lie in common, 

yet it is preſumed, that eſſential improvements wil 
be found in almoſt every part. 
Theſe eſſays begin by defining the neceſſary 
terms, and ſtating a few of thoſe firſt principles on 
which the whole of the work is founded: they then 
Proceed to deſcribe) the mathematical drawing in- 
Frawtts* among theſe the reader will find an ac- 
count of an improved pair of triangular compaſſes, 


4 


a ſmall pair of beam compaſſes with a micrometer 
ſcrew, four new parallel rates, and other articles 
not hitherto deſcribed : theſe are followed by 3 
large collection of uſeful geometrical problems; 1 
flatter myſelf, that the practitioner will find many 
that are new, and which are well adapted to leſſen 
labour, and promote accuracy. In deſcribing the 
manner of dividing large quadrants, I have firſt 
given the methods uſed by inftrament-makers, 
previous to the publication of that of Mr, Bird, ſub- 
joining his mode thereto, and endeavouring to render 
it more plain to the artiſt by a different arrange. 
ment. This is fucceeded by geometrical and me- 
chanical methods of deſcribing circles of every pol. 
ſible magnitude, for the greater 2 of which I am 
indebted to 7% Prieſtley, Eſq. of Bradford, 

| Yorkſhire, whoſe merit has been 17 5 noticed 
by an abler pen than mine.“ From this I proceed 
to give a ſhort view of 5 im and other com- 
paſſes and a deſcription of Suardi's geometric pen, 
an inſtrument not known in this country, and 
| Whoſe curious properties will exercife the ingenuity 
of mechanics and mathematicians. 
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: Arie is the next ſubject; but. as this 
Work was not deſigned to teach the elements of 
This art, I have contented myſelf with ſtating the 
general principles, and giving the cannons. far cal- 
culation, ſubjoining ſame uſeful and curious pro- 
blems, which, though abſolutely neceſſary in many 
caſes that occur in county and maritime ſuryeyi Ing, 
have been neglected by every practical writer or 
this ſubject, except M. Mackenzie,“ and B. Donn. 
Some will alſo be found, that ate even 1 % 
the above-mentioned authors. 
Our next article treats of ſurveying 
Preſumed the reader will find it a e mth =p 
conciſe ſyſtem thereof. The ſeveral, a ee 
now in ute, and the methods of ad; uſting them, are 
deſcribed in order; and I think it will appear 
evident, from a view of thoſe of the beſt conſtruc- 
tion, that large eſtates may be ſurveyed and plotted 
with greater accuracy than heretofare, . 
The great improvemenis that have been made 
within theſe few years in theart of dividing, have 
rendered obſervers more accurate and more atten- 
tive to the neceſſary adjuſtments of their inſtru- 
ments, which are not now conſidered as perfect, 
unleſs they are ſo conſtructed, that the perſon who 
uſes them can either correct or allow. for the errors 
to which they are liable. Among the various im- 
provements which the inſtruments of ſcience have 
received from Mr. Ramſden, we ate to reckon 
thoſe of the theodolet here deſcribed; the ſurveyor 
will find alſo the dæſcription of a ſmall quadrant - 
that ſhould be conſtantly uſed with the chain, im- 
provements in the circumferenter, plain-table, 
ere &c. In ni of 8 po, 
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to have met with no difficulty; having had how- 


ever no opportunity of practice myſelf, I had re- 
courſe to books ; à multiplicity have been written 


upon this ſubjekt, but they are for the moſt part 


imperfect, irregular, and obſcure. I have endea- 
voured (with what ſucceſs muſt be left to the rea- 


der's judgment) to remove their obſcurities, to 


rectify their errors, and ſupply their de ficiencies: but 
whatever opinion he may form of my endeavours, 
J can venture to ſay, he will be highly gratified 
with the valuable communications of My. Cale, “ 


and Mr. Milne, here inſerted, and which I think 


will contribute more to the improvement of the 
art of ſurveying, than any thing it has received 
fince it's original invention. | 

The reader will, I hope, excuſe me, if I ſtop a 
moment to give him ſome account of Mr. Gale's 
improvements ; they conſiſt, firſt, in a-new method 
of plotting, which is performed by ſcales of equal 
parts, (without a protractor,) from the northings 
and ſouthings, caſtings and weſtings, taken out of tae 
table which forms the appendix to this work ;Ff this 
method is much more accurate than that in common 
uſe, becauſe any ſmall inaccuracy, that might happen 
in laying down one line, is naturally correfFed in 
the next; whereas in the common method of plot- 


ting by ſcale and protractor, any inaccuracy in a 
former line is naturally communicated to all the 


ſucceeding lines. The next-improvement conſiſts 
in a new method of determining the area, with ſu- 
perior accuracy, from. the northings, ſouthings, 
eaſtings, and weſtings, (without any regard to the 
plot o or r draught) by an Wen r 3 
| As 
„ A gentleman well known for his i ingenious publications 
on finance. 


+ The table is printed ſeparate, that it may be purchaſed 
or got, as the ſurveyor ſees convenient. 
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As the meaſuring a ſtrait line with exactneſs is 
one of the greateſt . difficulties in ſurveying, I was 
much ſurprized to find many land-mealurers uſing 
only a chain; a mode in which errors are Ind . 
without a poſſibility of their being. diſcovered or 

corrected. I muſt not forget to mention here, 
that I have inſerted in this part Mr. Break's me- 
thod of ſurveying and planning by the plain table, 
the bearings being taken and protracted at the ſame 
inſtant in the field upon one ſheer of paper; thus 
avoiding the trouble and inconvenience of ſhifting 
the paper: this is followed by a ſmall ſketch” of 
maritime ſurveying, the ule. of the pantographer, 
the art of levelling, and a few aſtronomical. pro- 
blems, with the manner of uſing Kane e 
rant and ſextant; even here ſome ſuggeſlions w1 
be found, that are new and uſe fu. 

1 have now to name another gentleman, ,who has 
contributed to render this work more perfett than 
it would otherwiſe have been, and it is with plea- 
ſure I return my beſt thanks to Mr. Landman, 
(Profeſſor of Fortification and Artillery to the Royal 
Academy at Woolwich,) for his communications, 
more particularly for. the papers from which the 
courſe of practical geometry on the ground was ex- 
tracted. It the profeſſors of uſeful ſciences would thus 
liberally co-operate. for their advancement, the pro 

greſs thereof would be rapid and extenſive. 3 This 
cCourſe will be found uſeful not only to the military 
officer, but would make a uſeful and entertaining 
part of every gentleman's education. I found it 
neceſſary to abridge the papers Mr. Landman lent 
me, and leave out the calculations, as the work had 
already ſwelled to a larger ſize than Was n 

intended, though printed on a Page unuſually full. 


The work finiſhes with a ſmal tract on perſptc- 
„„ og 4.4 423 „ R : tive, 
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tive, and a deſcription of two inſtruments, de- 
figned to promote and facilitate the practice of that 
uſeful art. It is hoped that the publication of theſe 
will prevent the public from being impoſed upon 
by men, who, under the pretence of ſecreſy, enhance 
te value of their contrivances. I knew an inſtance 
where 4ol. was paid for an inſtrument inferior to the 
moſt ordinary of the kind that are fold in the ſhops. 
Some pains have been taken, and no ſmall expence 
incurred, to offer ſomething to the public ſuperior 
in conſtruction, and eaſier to uſe, than any inſtru- 
ment of the kind that has been hitherto exhibited. 
I have been anxious and ſolicitous not to wegtect 
any thing that might be uſeful to the practitioner, 
or acceptable to the intelligent. In a work which 
embraces fo many ſubjects, notwithſtanding all the 
care that has been taken, many defects may ſtill re- 
main; 1 ſhall therefore be obliged to any one, 
Who will favour me with ſuch hints or obſervations 
as may tend towards it's improvement. 

1 have to apologize for ſome errors of the preſs; 
the moſteſſential are, I hope, ſufficiently obviated by 
the errata ſubjoined to this preface: they have ariſen 
from the circumſtances under which the work was 


compoſed, the languor of ill health, and the avo- 
cations of bufineſs. 
A list of the authors J have ſeen is ſubjomed to 
this preface. I beg leave to return my thanks to 
the following gentlemen for their hints and valuable 
communications, the Rev. Mr. Hawkins, J. Prieſt- 
ley, Eſq. Mr. Gale, Mr. Milne, Dr. Rotherham, 
Mr. Heywood, Mr. Landman, and Mr. Beck, a 
very ingenious artiſt. 
The inſtrument repreſented i in the frontiſpiece 
to theſe eſſays, was not finiſhed in time to have it's 
Deſcription inferted in ir $ place; J am therefore 


- | under 
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under the - neceſſity of glving a ſhort deſcription | 
thereof in this preface, referring for particulars to 

Deſcription of the theodolet figured in the frontiſpiece. | 
This inſtrument, like thoſe deſcribed in pages 


233 to 240, conſiſts, 1. Of a teleſcope and it's 
level. 2. Of an horizontal limb and compaſs. 3. 
Of a vertical arch. 4. Of a teleſcope underneath ' 
the vertical arch. 5. Of the ſtaff with it's parallel 
„ %%% YEE 
It is obvious, that when the line of ſight or te- 
leſcope is moved on one of the circles of the in- 
ſtrument, it's motion will be affected by every ir- 
regularity or deviation of that circle from a true 
plane; bur on the contrary, if the motion be per- 
formed about axes well fitted, the extremity of the 
line of ſight will in all fituations remain directed to 
ſome point in the circle in which it may be placed. 
On this account the teleſcope in this conſtruction: . 
has it's movements upon axes, inſtead of being 
governed by the plane of a circle, A further ad- 
vantage is this, that the adjuſtments are made at 
the axes themſelves, where they are neither fo liable 
to be altered, nor ſo eaſily deranged, as when the ad- 
juſtmentsareat the bottom of the ſupporters. The te- 


leſcope moves ſufficiently to reduce angles taken inan 


oblique plane to an horizontal one, without moving 
the ſenikeirele of altitude, which is kept firmly in 
it's firuation by a finger ſcrew : as this inſtrument 
is uſed in the ſame manner as thoſe that are de- 
ſcribed in pages 233 to 240, we ſhall have no oc- 
caſion to notice any thing more than the mode of 
adjuſting it, and the figure renders a minute enu- 
meration of the parts unneceſſary, 


” To adjuſt the horizontal circle, ſet the ſemi- 
circle of altitude exactly to o, then fix it firmly 
= 24 there 
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there by the finger ſcrew b, and turn the beriscn- 
tal wks by: the milled” ſorew a; till the level is 
in a line v ith two of the ſtaff ſerews; and by means 
of theſe ſcrews; make the bubble i in the level be- 
come ſtationary, in the middle of the glaſs; turn 
the horizontal circle half round, and if the bubble 
remains in the middle, the level is well adjuſted; if 
it does not, correct the poſition of the level till the 
bubble has moved half the diftance it ought to come, 
to reach the middle, making it obe the other half 
by the ſtaff ſcrews; return the horizontal circle to 
it's firſt poſition, and if the adjuſtments have been 


well made, the bubble will remain in dae dias; 


if other wiſe, the proceſs of altering the level, amd 


the ſtaff ſcrews with the reverſing, "muſt" de re- 


peated till it bears this proof of aecuraey. 111 3013 15 


I he teleſcope has a ſtrong axis, whoſe- circular 
ends turn in move; 


ble ſockets of hard metal, on 
of which is capable of a vertieah the other of an 
horizontal adjuſtment. To make che axis of the 
teleſcope parallel to the horizon, hook ihe arms of 
the hanging level upon the ends of the axis of the 
teleſcope, having previouſly placed the horizontal 
circle level by means of the capſtan ferew/d be- 


neath one end of the axis; cauſe the bubble of the 
hanging level to occupy the middle of it's glaſs ; 


in the level, and hang it on the axis, but in a 
contrary poſition, ſo that it's right hand end may 
now be placed to the leſt; if the bubble ſtill con- 
tinues to occupy the middle of the glaſs, the axis 
of the level is truly parallel to the horizon; if not, 
alter the adjuſtment by the capſtan ſctew, and of 
theaxis by it's own eres, till the bubble ſtands: in 
the middle in both poſitions. : 2 
The next adjuſtment is for the n "HEE or 
when the level is Placed, as in the A, on the 


5 arm 


balf the error muſt. be corrected by the ſcrew of 


| according to 
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arm by the teleſcope, in order to bri 


ſcope level, for the purpoſe of taking angles of 
elevation and depreſſion, or for levelling. The level 
having been adjuſted by the pteceding operation, 
you have only to fix the teleſcope, ſo that it cannot 
move, by paſſing the ſteel pin through the axis; if 
the bubble of the level is not in the middle; one 


the bar on the outſide of the 3 e 'and the 


other balf by the horizontal ſcrew that acts * 


the piece through which the ſteel pin paſſes. 
Io make the vertical croſs wire in the teleſcope at 
right angles to the axis, take out the ſmall ſcrews, e, f. 
| 1 and lift ↄff the covers that conſine the axis, direct 
the teleſcope to a diſtant well - defined object, and 
if the interlection ot the wires coincides wich the o- 
ject in both poſitions, the line of ſight is ar right 
angles tothe axis of motion: hut if not, alter the 
poſition of the croſs wires; by means of the tuo 


mall ſcrews near the eye end of the teleſcope, one 


of which muft be c a little, and the other 


ſcrewedl up, till the deſired proof of the accuracy of 
the poſition of the wires in the teleſcope beattained. 


Jo make the line of collimation Parallel to the 
horizon... The hanging level is to be firſt adjuſted 
the preceding inſtructions, and then 

ſuſpended to the bar on the outſide ofthe teleſcope; 
turn the teleſcope on it's axis till che bubble comes 
to the middle, and obſerve to what object the cen- 


ter of the croſs wire is directed, invert the axis, 
bring the bubble again to the middle, and obſerve 


whether the teleſcope bedirected to the ſameobjed; 


If not, alter it half way by turning the teleſcope 


about the axis, and then bring the bubble to the 
middle by the ſcrew under 4 bar, and thus the 


rod, and conſequently the level is placed parallel 


to the line of collimation. This operation ſhould 


be repeated for greater certainty. LIST 


ind enn | 
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Fitta, tie m. Wipe thoſe. 
— $7, — 3, for plate 6, read plate 4. 
| —— 60, — JO, fer theſe read the. 
4, . 46, r G H rad CH. 
— 63, — 10, er plate 4, read plate g. 
— (64. — 26, for plate 4, read plate 5. 
67, — 26, for plate 4, read plate So Pr I 
Jeb” . „Jer G Dread e P. * | 2 5 
7, 3, r a b read a V. | 
y — 73, — 10, for AD read AB. 


74, and 75, for plate 5, always read plate 6. 


2, problem 49 and 50, fer plate 5 or plate 6. 
— 8, laſt line, for EC read AC f 


— ., line 5, fer AB read AD. 


— Ibid. fork D read C D. 
F — Ibid. line 7, for CG read A E. 
— 92, line 24, for M Nreaα˖ ML. 
— Ibid; line 30, for CK read KI. 18 K. fo 2 
— 3, — 199 for fig. 8, read fig. 9. f 


— 161, — 30, Aa rad c A. 


—139.— 3 6 14, read fg. 23. = 


—— Ibid. line 31, fer A b read C b. W, 8 2 
— 162, —. 26, fer Ca Cb rad Ca, Cb. | 
— 7 7, for problem I, read preceding problem, - 
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tend his Empire over the Works of Creation, by placing the Sciences in 
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\ EOMETRY is the ſcience that tteats of; 
and confiders the properties of magnitude in 


general. In other words, extenfion and figure are ” 
the objects of geometry. It is a feience in which 755 
human reaſon has the moſt ample field, and can vo 


go deeper, and with more certainty, than in any 
other. It is divided into two parts, eee 
and practical. 0 

| Theoretical geometry conſiders and treats of firſt 
principles abſtractedly. Practical geometry ap na f 
theſe conſiderations to the purpoſes of life. 

clus aſſerts, that the end of geometry is to be 
referred to the energies of intellect, and that it is 
degraded when it 1s made. fubſervient to the com- 
mon purpoſes of a mere animal lite. We, how- 
ever, conceive him to be miſtaken; for the true / 
end of ſcience is uſe, and the truths of geometry, 

ſublime as they may appear, are only valuable as | 
they conduct us to the practice. By practical , . 


3 * B 2 | | geometry 


* 


2 ESSAYS ON GEOMETRY, &C. 


geometry many operations are performed, of the 
utmoſt importance to ſociety and the arts; © The 
effects thereof are extended through the principal 
operations of human ſkill: it conducts the ſoldier 
in the fieid, the feaman in the ocean: it gives 
ſtrength to the fortreſs, and elegance to the palace. 
It has been common to attribute the invention of 
geometry to the Egyptians, and to ſuppoſe that we 
were indebted to the inundations of the Nile for 
this ſublime branch of human knowledge. But 
furely there is no occaſion, in this part of literary 
hiſtory, to ſatisfy learned curioſity by tales and 
fables: for geometry is an art that muſt have - 
grown with man; it is, in a great meaſure, natural 
to the human mind; we were born fpeCtators of 
the univerſe, which is the kingdom of geometry, 
and are continually obliged to judge of heights, 
meaſure diſtances, and eſtimate the bulk of bodies. 
A point is conlidered by the geometricians, as 
that which has no parts or magnitude. 
A ine is length without breadth. 
A. ſtrait line is that which hes evenly between it's 
extreme points or ends. | 
A /ſuperficies is that which has only length and 
breadth. 
A plane angle is an opening or corner made by 
two ſtrait lines meeting one another. | 
When a ftrait line AB, fg. 1, plate 4, ſtanding 
upon another CD, makes angles ABC, ABD, 
on each {ide equal to one another; each of theſe 
angles is called a 7ipbt angle; and the line AB is. 
ſaid to be perpendicular to the line CD. 
It is uſual ro expreſs an angle by three letters, 
that placed at the angular pornt- being always in 
the middle. N 


An 


| ESSAYS 0 &k0Kt RY, &e. 1 


An obtuſe digit is that which is greater than a 
tight angle. 


An Pg angle is that which is leſs than a right 
angle. | 
A line AB, fg. 2, plate 4; cutting another line. 
CD in E, will Saks the oppolite angles equal; 

namely, the angle AEC equal to BED, and 
AED equal to BEC. 


A line AB, jig. 3, plate 4, ſtanding any-how N 


upon another CD, makes two angles CBA, ABD. 
which, taken rogether, are equal to two right 
angles. 


A plane triangle is a figure bounded by three 
tight lines. 


An equilatefal FHlexgle is that which has three 
equal ſides. 

An f ſeſceles triangle is that which has only two 
equal ſides. | 

A ſcalene triangle is that which has all it's ſides 
unequal. 


"A right-angled triangle is that which has one 
right angle. 

In 3 right-angled triangle, the ide oppoſite to 
the right angle is called the hypo/henu/e. 

An oblique-angled triangle is that which has no 
right angie. 

In the ſame triangle, oppoſite to the greater 
fide, is the greater angle; and oppoſite to the 
greater angle, is the greater fide. 

If any fide of a plane triangle be produced, the 
outward angle will be equal to both the inward re- 
mote angles. 

The three angles of any aq triangle taken 
together, are equal to two right angles. Je 
Parallel lines are thoſe which have no inclination 
towards each other, or which are eyery-where 


equidiſtant. | 
* All 


if {1 : 
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All plane figures, bounded by four right lines, 
are called quadrangles, or quadrilaterals. 
A ſquare is a quadrangle, whoſe ſides are all 
cqual, and it's angles all right angles. 
A A\ rhombus is a quadrangle, whoſe ſides are all 
equal, but it's angles not right angles. | 
A parallelogram is a quadrangle, whoſe oppoſite 
ſides are parallel. 
A xredlangle is a parallelogram. whoſe angles are 
all right angles. | 
A rhomboid is a parallelogram, whoſe angles are 
not right angles. 5 
All other four- ſided figures beſides theſe, are 
called !rapeziums. 
A A right line joining any two otitis. angles of 
a four-ſided figure, is called the diagonal. 
All plane figures contained under more than 
four ſides, are called polygons. 15 
Polygons having five ſides, are called ante ons ; 
thoſe having ſix ſides, hexagons ; with ſeven | lides, | 
. beptagons, and ſo on. 
A regular polygon is that whoſe angles and des 
are all equal. | 
The &4a/e of any figure is that ſide on which i it is 
ſuppoſed to ſtand, and the allitude is the perpen- 
dicular falling thereon from the oppoſite angie... 
Parallelograms 9570 the ſame baſe, and be- 
| . tween the ſame parallels, are equal. 5 | 
Lo Parallelograms having the ſame baſe, and equal 
LE” altitudes, are equal. 
Parallelograms having equal "baſes, and equal 
altitudes, are equal. | 
If a triangle and parallelogram have cunt baſes, 
and equal e the ee 1s * che e - 
lelogram. 1 | 
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A circle is a plane figure, bounded by a curve 
line called the circumference, every part whereof is 
equally diſtant from a Pein within the ſame figure, 
called the center. 

Any part of the circumference of a circle, is 
called an arch. 

Any right line drawn from the center to the oir- 
cumference of a circle, is called a radius. 
All the radii of the ſame circle are equal. 

The circumference of every circle is 3 o 
be divided into 360 equal parts, called degrees 
each degree into 60 equal parts, called ſeconds, &c. 

A quadrant of a circle will therefore contain go 
degrees, being a fourth part of 36606. | 

Equal angles at the centers of all circles, will 
intercept equal numbers of degrees, minutes, Rec. 
in their circumferences. 

The meaſure of every plane angle i is an arch of a 
circle, whoſe center is the angular point, and is 
ſaid to be of ſo many degrees, minutes, &c. as 
are contained in it's meaſuring arch. | 

All right angles, therefore, are of 90 degrees, 5 
or contain 90 degrees, becauſe their meaſure is a 
quadrant. > ® 

The three angles of every plane 99 taken 
together, contain 180 degrees, being equal to tuo 
right angles. 

In a right-angled plane triangle, the lum of i it's 

two acute angles is 90 degrees. 


The complement of an arch, or of an angle, is | 


it's difference from a quadrant or a right angle. 
The ſupplement of an arch, or of an angle, is 
it's difference from a ſemicircle, or two right 
angles. 

The magnitudes of arches and angles are deter- 
mined by certain ſtrait lines, 3 to a 
circle, called chords, fines, tangents, « 
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The chord of an arch is a ſtrait line, joining it's 
extreme points. 
A diameter is a chord paſſing through the center, 
| A ſegment is any part of a circle bounded by an 
arch and it's chord. | 
A ſeckor is any part of a circle bounded by an 
arch, and two radii drawn to it's extremities, 
\ The ſme of an arch is a line drawn from either 
end of it, perpendicular to a diameter meeting che 


| other end, 


The verſed ſine of an 8 is that part of the di- 
ameter intercepted between the fine and the end 
of the ſaid arch. 

The tangent of an arch is a line proceeding from 
either end, perpendicular to the radius joining it; 
it's length is limited by a line drawn from the 
center through the other end. | 

The ſecant of an arch is the line proceeding om 
the center, and limiting the tangent of the ſame 


arch, 


The co. fine and co-tangent, &c. of any arch, is 


the ſine and tangent, &c. of it's complement. 


Thus in fg. 4, plate 4, FO is the chord of the 


arch F VO, and FR is the fine of the arches | 


FV, FAD; RV, RD are the verſed fines of the 
arches FV, FAD. 


VT. its the tangent of the arch FY, wad it's 


ſupplement. 


CT is the ſecant of the 110 FV. . 


Al is the co- -tangent, and C1 the co-ſecant of 
the arch F V. 


The chord of hh, the fine of 905, the verſed - 


ſine of go?, the tangent of 45, 14 the ſecant of 
. o, are all equal to the radius. 


It is obvious, that in making uſe of theſe lines 


we muſt always uſe the lame radius, otherwife 


25 


there 
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there would be no ſettled proportions between 
'; hem; 


of geometry, will find that the main deſign of all 
it's ſpeculations is menſuration, To this the ele- 
ments of Euclid are almoſt entirely devoted; and 


this has been the end of the moſt laboured geo- 
metrical diſquiſitions of either the backen or 


moderns. 
Now the whole menſuration of figures may be 


reduced to the meaſure of triangles, \which are 


always the half of a rectangle of the ſame baſe and 
altitude, and conſequently their area is obtained 
by raking the half of the product of the baſe mul. 
tiplied by the altitude. 

By dividing a polygon into triangles, and raking 


the value of theſe, that of the polygon is obtained ; 
by conſidering the circle as a polygon, with an | 


infinite number of fides, we obtain the eum 
thereof. 


The theory of triangles i is as it were the hinge ; 


ppon which 41 geometrical knowledge turns. 


All triangles are more or leſs ſimilar, acgording 
as their angles are nearer to, or more remote from 


equality. 


of the one are equal reſpectively to thoſe of the 
other; the ſides are then alſo proportional, 

The angles and the ſides determine both the 
relative and abſolute ſize, not only of triangles, 
but of all things, 


Strictly f. peaking, angles only determine the 


relative ſize; equiangular triangles may be of very 
unequal magnitudes, yet perfectly ſimilar. 

But when they are alſo equilateral, the one 
* it's ſides equal 7 homologous ſides 8 
4 Toner ol 


Whoſoever conſidersthe whole extent and dept th 


Ihe e b perfed, when all the angles 
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the other, they are not only fimilar and equian- 


gled, but are equal in every reſpect. 
The angles, therefore, determine the relative 


ſpecies of the triangle, the ſides it's abſolute ſize, 


and conſequently that of every other figure, as all 


are reſolvible into triangles. 


Vet the eſſence of a triangle ſeems to conſiſt 
much more in the angles than the ſides, for the 
angles are the true, preciſe, and determined boun- 


daries thereof; their equation is always fixed and 


limited to two right angles. 


The ſides have no fixed equation; but may be 
extended from the infinitely little, to the infinitely 


great, without the triangle changing it's. Nature 


and kind. 

It is in the theory of iſoperimetrical figures * 
that we feel how efficacious angles are, and how 
inefficacious lines, to determine not only the kind, 
but the ſize of the triangles, and all kinds of 


figures. 


For the lines ſtill ſubſiſting the ſame, we ſee 


bow a ſquare decreaſes in proportion as it is 


changed into a more oblique rhomboid, and thus 
acquires more acute angles. The ſame obſervation 
holds good in all kinds of figures, whether plane 
or ſolid. 
Of all . figures, the plane triangle 
and ſolid triangle, or pyramid, are the leaſt capa- 
-cious ; and amongſt theſe, thoſe have the leaſt 
capacity, whoſe angles are moſt acute: 
But curved ſurfaces, and curved bodies, and . 


among curves the circle and ſphere, are thoſe 


whoſe capacity are the largeſt, being formed, if 


e * ſo ſpeak, of the Po: oor angles. = 


The 


Iſoperimetrical figures are ſuch as have equal circumferences, 
© . 25 X | 1 „ 1 , 14 } - 6-3 ; ' 7 
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The theory of geometry may therhfore” be re- 


duced to the doctrine of angles, for it treats only 


of the boundaries of things, and by angles the ul- py 
timate bounds of all things are formed. It is = 


angles which gives them their figure. 
Angles are meaſured by the circle; to theſe we 


may add parallels, which, according to the lignifi- 


cation of che terms, are the ſource of all gn 
cal ſimilitude and compariſon. | 


| Or MaTHEMATICAL | an INSTRUMENTS. - 25 


The ſtrictneſs of geometrical demonſtration ad- 
mits of no other inſtruments, than a rule and a pair 


of compaſſes. But in proportion as the practice 
of geometry was extended to the different arts, ei- 
ther connected with, or. dependent upon it, new 
inſtruments became neceſlary, ſome to anſwer pe- 


culiar purpoſes, ſome to facilitate Operation, others © 


to promote accuracy. 


It is the buſineſs of this work to 1 theſe | 


inſtruments, and explain their various uſes. In per- 


forming this taſk, a difficulty aroſe. relative to the 


arrangement of the ſubject, whether each inſtru- 
ment, with it's application, ſhould be deſcribed 


ſeparately, or whether the deſcription ſhould be 


introduced under thoſe problems, for whoſe. 


formance they were peculiarly deſigned. Aker 5 


ſome conſideration, I determined to adopt neither 
rigidly, but to uſe either the one or the other, as. 
they appeared to anſwer beſt the "is of ſci- 


ENCE. 


As almoſt every artiſt, whoſe operations are con- 
nected with mathematical deſigning, furniſhes him 
ſelf with a caſe of drawing inſtruments ſuited to 
his peculiar * they are fitted up in not, 

mo 
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modes, ſome containing more, others fewer inſlru, 
ments. The ſmalleſt collection put into a caſe, - 
conſiſts of a plane ſcale, a pair of compaſſes with a 
moveable leg, and two ſpare points, which may be 
applied occaſtonally to the compaſſes ; one of theſe 
points is to hold ink, the other a porte crayon, for 
Folding a piece of a black-lead pencil. EG 
What is called a full pocket caſe, contains the 
following inſtruments. e e Hu 
A pair of large compaſſes with a moveable point, 
an ink point, a pencil point, and one for dotting; 
either of theſe points may be inſerted in the com- 


* 


aſſes, inſtead of the moveable leg. 
A pair of plain compaſſes, ſomewhat ſmaller 
than thoſe with the moveable leg. 

A drawing pen, with 3 protracting pin in the 
ppper part. . 

A pair of bow compaſſes. 

JJ 

A plain ſcale. 

A protractor. 

A parallel rule. 

A pencil. : 

The plain ſcale, the protractor, and parallel 
rule, are ſometimes ſo conſtructed ny to form- but 
one inſtrument; but it is a conſtruction not to be 
recommended, as it injures the plain ſcale, and 
jeſſens the accuracy of the protractor. In a caſe 
with the beſt inſtruments, the protractor and plain 
ſcale are always combined. The inſtruments in 
moft general uſe are thoſe of fix inches; inſtru- 
ments are ſeldom made longer, hut often ſmaller, 
Thoſe of fix inches are however to be preferred in 

eneral before any other ſize ; they will effect all 
fhat can be performed with the ſhorter ones, while 
3 . F 


o 


at the ſame time dhe are better | 
work. : 
Large collections are called, 5 neue fo 75 in- 
firuments ; theſe generally 9 
A pair of ſix inch compaſſes with a movuble- 
leg, an ink point, a dotting point, the crayon 
point, ſo contrived as to hold a whole pencil, two 
additional pieces, to lengthen occaſionally one leg 
of the compaſſes, and thereby enable them to mea- 
ſure greater extents, and deſcribe Gow of 2 
larger radius. 720 
A pair of hair compaſſes. 
A pair os bow compaſles. PR 
air of triangular compaſſes. 
A 9 55 . 
A parallel rule. | 
A protractor, | 
A pair of proportionable compaſſes, either with 
or without an adjuſting ſcrew. 
A pair of wheles and halves. 
Two drawing pens, and a pointrel. 
A pair of ſmall hair compaſſes, with a head 
ſimilar to thoſe of the bow compaſſes. 
A knife, a file, key and "a driver for the 
compaſſes, in one piece. 
A ſmall ſet of Reęves's water colours. 
To theſe ſome of the following inſtruments are 4 
often added. 
A pair of beam compaſſes, 
A pair of gunners callipers. 
A pair of elliprical compaſſes. 
A pair of ſpiral ditto. 5 
A pair of perſpective compeſſes. 
A pair of compaſſes with a micrometer ſcrew... 
A rule for drawing lines, tending to a center at 
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my md and parallel rule, ſuch as is repre- 
ſented at fig. IK L, plate 2. 


One or more of the parallel rules repreſented, 
1 2. nl 


- 


3A pantographer, 3 : T 


A pair of ſeQoral compaſſes, forming at the 
10 4 time a pair of beam and calliper compaſſes. 


x Or DRawiNG Courants: 


' Compaſſes are made either of ſilver or braſs, 
but with ſteel points. The joints ſhould always 
be framed of different ſubſtances ; thus one ſide 
or part ſhould be of filver or brafs, and the other 


of ſteel. The difference in the texture and pores - 


of the two metals, cauſes the parts to adhere leſs 
together, diminiſhes the wear, and promotes uni- 
formity in their motion. The truth of the work 
is aſcertained by the ſmoothneſs and equality of the 
motion at the joint, forall ſhake and irregularity is 
a certain ſign of imperfection. The points ſhould 


be of ſteel ſo tempered as neither to be cafily bent 


or blunted, not too fine and tapering, and yet 
meeting cloſely when the compaſſes are ſhut. © 
As an inſtrument of art, compaſſes are ſo well 
known, that it would be ſuperfluous to enumerate 
their various uſes ; ſuffice it then to ſay, that they 
are uſed to transfer ſmall diſtances, meaſure given 
ſpaces, deſcribe arches and circles. 
If the arch or circle 1s to be deſcribed obſcurely, 
the ſteel points are beſt adapted to the purpoſe ; 


if it is to be in ink or black lead, either the draw- 


ing pen or crayon points are to be uſed. 


To uſe a pair of compaſſes. Place the thumb and 
middle finger of the right hand in the oppoſite 


hollows of the ſhanks of the compaſſes, then preſs 
the compaſſes, and the legs will pe a little way; 


this 


1 
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this being done, puln the innermoſt leg with the 
third finger, elevating at the ſame time the further-; 
moſt, with the nail of the middle finger, till the 
compaſſes are ſufficiently opened to receive the 
middle and third finger; they may then be exten- 
ded at pleaſure, by puſhing the furthermoſt leg 
outwards with the middle, or preſſing it inwards 
with the fore finger. In deſcribing circles or 
arches, ſet one foot of the compaſſes on the cen- 


ter, and then roll the head of the compaſſes be- 


tween the middle and fore finger, the other point 
preſſing at the ſame time upon the paper. They 
ſhould be held as upright as poſſible, and care 
ſhould be taken not to preſs forcibly upon them, 
but rather to let them act by their own weight; 
the legs ſhould never be ſo far extended, as to form 
an acute angle with the paper or plane on and : 
they are uſed. . 
The ink and crayon points have. a joint juſt un- 
der that part which fits into the compaſſes, by this 
they may be always ſo placed as to be ſet nearly 
ndicular to the paper; the end of the ſhank. 
of the; beſt compaſſes is framed ſo a8 to form a 
ſtrong ſpring to bind firmly the moveable points, 
and prevent them from ſhaking. This is found: 
to be a more effectual method than that by a ſcrew. 
Fig. B, plate 1, a pair of the beſt compaſſes with 
the plain point, c the ink, 4 che dotting. e the 
crayon point. | 
In ſmall caſes the crayon and ink points are 
joined by a middle piece, with a ſocket. at each 
end to receive the points, which by this en, 
only occupy one place in the caſe. | ; 
Two additional pieces, Ig. P. Q, plate 1, are 
often applied to theſe compaſſes; theſe by length- 
ering. the leg b, enable them to ſtrike larger cir- 


14 rssAVS ON GEOMETRY, &c. 


cles, or meaſure greater extents than they would ; 
otherwiſe perform, and that without the inconve- 
niences attending longer compaſſes. When com- 
paſſes are furniſhed with this additional piece, the 
moveable leg has a joint, as at b, that it may be 

placed perpendicular to the paper. 

Of tbe bair compaſſes, fig. L, plate 1. They are 
ſo named on account of a contrivance in the ſhank, 
to ſet them with greater accuracy than can be ef- 
| fected by the motion of the joint alone. One of 
the ſteel points is faſtened near the top of the com- 
paſſes, and may be moved very gradually by turn- 
ing the ſcrew n, either backwards or forwards. 
To uſe theſe compaſſes. 1. Place the leg to 
which the ſcrew is annexed outermoſt; 2. ſet the 
fixed leg on that point from whence the extent is 

to be taken; 3. open the compaſſes as nearly as 
poſfible to the required diſtance, and then make 
the points accurately coincide therewith by turn- 
igen 98 wool 
O the bow compaſſes, fig. F, plate 1. Theſe are 
a ſmall pair, uſually with a point for ink; they are 
uſed to deſcribe ſmall arches or circles, which they 
do much more: conveniently than large compaſſes, 
not only on account of their ſize, but alſo from the 
ſhape of the head, which rolls with great cafe be- 

tween the fingers. It is, for this reaſon, cuſto- 

mary to put into magazine caſes of inſtruments, 4 
ſmall pair of hair compaſſes, fig. H, plate 1, with a 
head ſimilar to the bows ; theſe are principally 
uſed for repeating diviſions of a ſmall but equal 
extent, a practice chat has acquired the name of 
Lepping. ee e e e 
Of the drawing pen and protracting pin, fig. I, K, 
Plate 1. The pen part of this inſtrument is uſed 

to draw ſtrait lines; it conſiſts of two blades —_ 
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f gel points fixed to a handle, che blades are ſu 


bent that the ends of the ſteel points meet, and et 
leave a ſufficient cavity for the ink; the blades 
may be opened more or leſs by a ſcrew, and being 
properly ſer, will draw a line of any aſſigned thick- 
heſs. One of the blades is framed with a joint, 
that the points may be ſeparated, and thus cleaned 


more conveniently ; a ſmall quantity only of ink 
ſhould be put at one time into the dra 


and this ſhould be placed in the cavity between 
the blades by — pen, or the feeder; the 
drawing pen acts better, if the feeder or pen, by 
which the ink is inſerted, be made to paſs through 
the blades. To uſe the drawing pen, firſt feed it 
with ink, then regulate it to the thickneſs of the 
required line by the ſcrew. In drawing lines, in- 
cline the pen a ſmall degree, taking care, however, 
that the edges of both the blades touch the paper, 
keeping the pen cloſe to the rule, and in the ſame 
direction during the whole operation ; the blades 
ſhould always be wiped very clean before _w pon 
is put away. 
Theſe directions are equally applicable. to the 
ink point of the compaſſes, only obſerving, that 
when an arch or circle is to be deſcribed of more 
than an inch radius, the point ſhould be ſo bent, 
that the blades of the pen may be nearly perpen- 
dicular to the paper, and both of chem touch 1 it at 
the ſame time. 0 
be protrafiing pink is only a ane of tee | 
wire with a very fine point, fixed at one end of 
the upper part of the handle of the drawing pen. 
It is uſed to mark the interſection of lines, or to 
ſet off diviſions from the plotting ſcale and Pro- 


tractor. 


Ile. feeder, fg. ©, Plate 1, is a thin flat piece of 
metal ; 


wing pen. 
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metal ; it ſometimes forms one end of a cap to | fit 


on a pencil, or it is framed at the top of the tra- 
cing point, as in the figure. It ſerves to place the 


ink between the blades of the drawing pens, or to 
paſs between them when the ink does not flow 
freely. The tracing point, or pointrel, is a pointed 
piece : of ſteel rg to a braſs handle; it 1s uſed to 


draw obſcure lines, or to tract the out-lines of a 


drawing or print when an exact copy is required, 


an article that will be fully explained in the courſe . 


of this work ; it forms the bottom part of the 
tracer O. ] 

_ Of triangular nee A pair of theſe are re- 
preſented at g. N, plate 1. They conſiſt of a pair 
of compaſſes, to whoſe head a joint and ſocket is 
fitted for the reception of a third leg, which may 
be moved in almoſt every direction. 
Theſe compaſſes, though exceedingly uſeful, are 
but litttle known; they are very ſerviceable in 
copying all kinds of drawings, as from two fixed 
points they will always aſcertain the exact poſition 
of a third point. 

Fig. 12, plate 3, repreſents another kind, which 
has ſome advantages over the preceding. 1. That 
there are many ſituations ſo oblique, that the third 

int cannot be aſcertained by the former, though 
w may by theſe. 2. It extends much further than 
the other in proportion to it's ſize. 3. The points 
are in all poſitions perpendicular to the paper. 

Of whales and halves, fig. R, plate 1. A name 
given to theſe compaſles, becauſe that when the 


ter ones will be opened to the half of that line. 


Proportional com paſſes. Theſe compaſſes are of 


two kinds, one plain, repreſented fig. A, plate 13 


the other was an. adjuſting ſcrew, of which there 
are 


7 
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longer legs are opened to any given line, the ſhor- 
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are two views, one edgeways, fig. 8, plate 3 dhe 
other in the front, fig. 7 Plate 3: the principle 
on which they both ack is exactly the ſame ; thoſe _ 
with an adjuſting ſcrew are more eaſily ſet to any 
given diviſion or line, and are alſo more e | 


fixed when adjuſted. 


There is a groove in each ſhank of theſe com- 
paſſes, and the center is moveable, being con- 


ſtructed to ſlide with regularity in theſe grooves, 


and when properly placed, is fixed by a nut and 


ſcrew; on one ſide of theſe grooves are placed two 
ſcales, one for lines, the other for circles. By the 


ſcale of lines, a right line may be divided into any 


number of equal parts expreſſed on the ſcale. By 


the ſcale for circles a regular polygon may be in- 


ſcribed in a circle, provided the ſides do not exceed 
the numbers on the ſcale. 


To divide a given line into a propoſed number 
(71) of equal parts. 1. Shut the compaſſes. 2. 
nſcrew the milled nut, and move the ſlider un- 


til the line acroſs it „ with the 11th divi- 


ſion on the ſcale. 3. Tighten. the ſcrew, that the 


ſlider may be. immoveable.. 4. Open the com- 
paſſes, ſo that the longer a) may take in ex- 
| actiy the given line, and the ſhorter will give vou 


35th of that line. 
J0 inſcribe in a circle a. regular polygon of 12 


ſides. 1. Shut the compaſſes. 2. Unſcrew the 
milled nut, and ſet the diviſion on the ſlider to 
coincide with the 12th diviſion on the ſcale of 
circles. 3. Faſten the milled nut. 4. Open the 
compaſſes, ſo that the longer legs may take the 
radius, and the diſtance between the ſhorter legs 
will be the fide of the required polygon. 
lo uſe the proportional compaſſes with an ad- 
e ſcrew. The e W exactly the 


ſame 
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ſame as the ſimple one, we have nothing more to 
deſcribe than the uſe and advantage of the adjuſt- 
ing ſcrew. 1. Shut the legs cloſe, ſlacken the 
ſcrews of the nuts g and f; move the nuts and 
flider & to the diviſion wanted, as near as can be 
readily done by the hand, and ſcrew faſt the nut * 
then by turning the adjuſter h, the mark on the 
flider æ may be brought exactly to the diviſion: 
ſcrew” faſt the nut g. 2. Open the compaſſes; 
gently lift the end e, of the ſcrew of the nut , out 
of the hole in the bottom of the nut g; move the 
beam round it's pillar a, and ſlip the point e, into 
the hole in the pin =, which is fixed to the under 
leg; ſlacken the ſcrew of the nut /; take the given 
line between the longer points of the compaſſes, 
and ſcrew faſt the nut 7: then may the ſhorter 
points of the compaſſes be uſed without any dan- 
ger of the legs changing their poſition; this being 
one of the inconveniencies that attended the pro- 
portional compaſſes before this ingenious contri- 
vance. 
Fig. 10, Plate 5 repreſents a pair of 1 com- 
- paſſes ; they are uſed for taking off and transfer- 
ring diviſions from a diagonal or nonius ſcale, de- 
ſcribing large arches, and biſecting lines or arches. 
It is the inſtrument upon which Mr. Bird princi- 
pally depended in dividing thoſe inſtruments, 
whoſe accuracy has ſo much contributed to the 
progreſs of aſtronomy. . Theſe compaſſes conſiſt 
of a long beam, made of braſs or wood, furniſhed 
with two braſs boxes, the one fixed at the end, the 
other ſliding along the beam, to any part of which 
it may be firmly fixed by the ſcrew p. An ad- 
juſting ſcrew and micrometer are adapted to the 
box A at the end of the beam; by theſe the point 
connected therewith may be moved with extreme 


ume 


* bh AM | be 


conſiſts of two 
together, and always maintained in a parallel poſi- 
tion by the two equal and parallel bars, which 
move very freely on the center or rivets by which 
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n and exactneſs, even leſs than the chou- | 


ſandth part of an inch. 


Fig. 1 3, Plate 3, is 4 ſmall pair. of brow n e 
with. a micrometer and adjuſting ſcrew, for accu- 


rately acerining and laying down ſmall diſ- 


tances. 


Fig. 11, plate 4; repreſents a ſeale of . paris, 


conſtructed by Mr. Siſſon; that figured here con- 
_ tains two ſcales, one of three pri." the other of 
four chains in an inch, being thoſe moſt frequent- 
ly uſed; each of theſe is divided into 10 links, 


which are again ſubdivided by a nonius into fingle 
links; the index carries the protracting pin for ſet- 
ting off the lengths of the ſeveral ſtation lines on 
the plan. By means of an inſtrument of this kind, 


the length of a ſtation line may be laid down on 


paper wich as much exaQnels, as > they can be mea- 5 
ſured on land. 5g | 


5 PARALLEL Rur ks. 


Parallel lines occur ſo continually i in every ſpe- | 
cies of mathematical drawing, that it is no won- 
der ſo many inſtruments. have been contrived to 
delineate them, with more expedition than could 
be effected by the general geometrical methods : 
of the various contrivances for this purpoſe, the 
following arethoſe-moſt approved. 

1. be common parallel rule, fig. A, plate 2. This - 

trait rules which are connected 


they are faſtened to the ſtrait 2 1 e 

2. The dbuble parallel rule, fig. B, plate 2. This 

inſtrument is conſtructed exactly. upon the ſame 
C3 principles 


mids 7 
—_ 


, 
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principles as the foregoing, but with this advan- 
tage, that in uſing of it the moveable rule may al- 
ways be ſo placed, that it's ends may be exactly 
over or even with the ends of the fixed rule, 
whereas in the former kind they are always ſhifting | 
away from the ends of the fixed rule. 

This inſtrument conſiſts of two equal flat rules, 
and a middle piece; they are connected together 
by four braſs bars, the ends of the two bars are ri- 

vetted on the middle line of one of the ſtrait rules, 
the ends of the other two bars are rivetted on the 
5 middle line of the other ſtrait rule; the other ends 
of the braſs bars are taken two and two, and rivet- 
ted on the middle piece, as is evident from the 
figure; it would be needleſs to obſerve, that the 
braſs bars move freely on their rivets, as ſo A N 
Centers. 2 

3. Of the improved double Anale rule, foe. T, 
plate 2. The motions of this rule aremore regular 
than thoſe of the preceding one; it's conſtruction 

is evident from the figure; it was contrived by the 
ingenious Mr. Haywood, a man well known to 
moſt mechanics of any name or abilities. 

4. The croſs barred parallel rule, fig. D, plate 2. 
In this two ſtrait rules are joined by two bars which 
croſs each other, and turn on their interſection as 
on a center; one end of each bar moves on a cen- 
ter, the ocher ſlides in a groove, as the rules recede 
from each other. 

As the four parallel rules aye dee bed are all 
uſed in the ſame way, one problem will ſerve for 

them all; ex. gr. a right line being given to draw a 
line parallel thereto by either of the en in- 
ſtrüment s | 

Set the edge of the uppermoſt rule to the giv en 

line; preſs the og of the lower rule tight to the 


paper 
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pager with one hand, and with the other move the 
upper rule, till it's edge coincides with the given 
point; and a line drawn along the edge rough \ 
the point, is the line required. 

5. Of the rolling parallel rule. \ This: inſtrument 
was contrived by Mr. Eckhardt, and the ſimplicity 
of the conſtruction does credit to the inventor; it 
muſt however be owned, that it requires ſome 
practice and attention to uſe it with ſueceſs. 

Fig. E, plate 2, repreſents this rule; it is a rec- 


tangular parallelogram of black ebony, with ſlips | | 


of ivory laid on the edges of the rule, and divided 
into inches and tenths. The rule is ſupported by 
two ſmall wheels, which are connected together by 
a long axis, the wheels being exactly of the ſame 
ſize, and their rolling ſurfaces being parallel to 
the axis; when they are rolled backwards or for- 


Wards, che axis and rule will move in a direction 


parallel to themſelves. The wheels are ſome what 
indented, to prevent their ſliding on the paper; 
ſmall ivory cylinders are ſometimes affixed to the 
rollers, as in this figure; they are called rollin 
ſcales. The circumference of theſe is ſo adjuſted, 
that they indicate with exactneſs, the parts of an 
inch moved through by the rule. | 
In rolling theſe rules, one hand only muſt be 
uſed, and'the fingers ſhould be placed nearly in 
the middle of the rule, that one end may not have 
a tendency to move ſaſter than the other. The 
wheels only ſhould touch the paper when the 
rule is moving, and the ſurface ot the paper ſhould 
be ſmooth and flat. | 
In uſing the rule with the rolling ſcales, to draw 
a line parallel to a given line at any determined diſ- 
tance, adjuſt the edge of the rule to the given 
line, and preſſing the edge n raiſe the wheels 
ny G4 | a little 
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BP: a little from the paper, and you may turn the cy- 


linders round, to bring the firſt diviſion to the in- 
dex; then if you move the rule towards'you, look. 
at the ivory cylinder on the left hand, and the 
numbers will ſhew in tenths of an inch, how much 
the rule moves. If you move the rule from you, + 
then it will be ſhewn by the numbers on the right 
hand cylinder. END 'F 
To raiſe a perpendicular from a given point on a 
given line. Adjuſt the edge of the rule to the 
line, placing any one of the diviſions on the edge 
of the rule to the given point; then roll the rule 
to any diſtance, and make a dot or point on the 
paper at the ſame diviſion on the edge of the rule; 
through this point draw the perpendicular. | 
To let fall a perpendicular from any given point to 4 
ven line. Adjuſt the rule to the given line, and 
roll it to the given point; then obſerving what di- 
viſion or point on the edge of the rule the given 
point comes to, roll the rule back again to the 
given line, and the diviſion or point on the edge of 
the rule will ſnew the point on the given line, to 
which the perpendicular is to be drawn. | 
By this method of drawing perpendiculars, 
- ſquares and parallelograms may be eaſily drawn of 
any dimenſions. b 5 
To divide any given line inio any number of equal 
parts. Draw a right line from either of the ex- 
treme points of the given line, making any angle 
with it. By means of the rolling ſcales, divide 
that line into as many inches, or parts of an inch, 
as will equal the number of parts into which the 
given line is to be divided. Join the laſt point of 
diviſion, and the extreme point. of the given line: 
to that line draw parallel lines through the other 
. = | points 
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oints of diviſion, and they will divide the given 


Of 


ine into equal parts. 


5 
* Pp : 


6. Of the /quare parallel rule. The evident ad- 
vantages of the T ſquare and drawing board, over 
every other kind of parallel rule, gave riſe to a va- 
riety of contrivances to be uſed, when a drawing 
board was not at hand, or could not, on, account 
of the ſize of the paper, be conveniently. uſed ; 
among theſe are, 1. The ſquare parallel rule. 2. 
The parallel rule and protractor, both of which 
contrived ſome years ſince, as ſubſtitutes to the I 
ſquare. The ſquare parallel rule, beſides it's uſe 
as a parallel rule, is peculiarly applicable to the 
mode of plotting recommended by My. Gale. It's 
uſe as a rule for drawing parallel lines, at given 
diſtances from each other, for raiſing. perpendicu- 
lars, forming ſquares, rectangles, &c. are evident 
from a view of the figure alone; ſo that what hag 
been already ſaid of other rules, will be ſufficient 
to explain how this may be uſed. It is alſo evi- 
dent, that it will plot with as much accuracy as 
_ the heagch, Rg. it, Hate ,,, 5 
Fig. FG H, plate 2, repreſents this inſtrument; 
the two ends FG are lower than the reſt of the rule, 
that weights may be laid on them to ſteady the 
rule, when both hands are wanted. The two rules 
are faſtened together by the braſs ends, the frame 
is made to ſlide regularly between the two rules, 
carrying at the ſame time, the rule in a poſition at 
right angles tothe edges of the rule EG. There are 
ſlits to the frame a, b, with marks to coincide w.th 
the reſpective ſcales on the rules while the frame is 
moving up or down: c is a point for pricking off 
with certainty diviſions from the ſcales. The limb 
or rule H is made to take off, that other rules with 
different ſcales of equal parts may be applied; 
Be 0 C 4 when 
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Anon taken off, this Minnie has this further 
advantage, chat if the diſtances to which the pa- 
rallels are to be drawn, exceed the limits of the 
rules, the ſquare part, when taken off, may be uſed 
with any ſtrait rule, by applying the e 
lar part againſt it. 

J. Fig. IKL, plate 2, repireſerts the 282 
parallel rule ; the uſes of this in drawing e 

lines in different directions, are ſo evident from an 
inſpection of the figure, as to render a particular 
deſcription unneceſſary. It anſwers all the pur- 
poſes of the T fquare and bevil, and is peculiarly 
uſeful to ſurveyors for plotting and protracting, 
which will be ſeen when we come to treat of art 
branches 

MNO is a parallel rule upon the ſame prin- 
ciple as the former: it was contrived by Mr. 
Haywood, to whom I can pay no greater com- 
pliment than by ſaying he isthe Hook of this age; 
equal to the performance of every mechanical 
engine, within the reach of human abilities. 
Each of the rules MN turns upon a center; it's uſe. 
as a parallel rule is evident from the figure, but it 
vVvould require more pages than can be ſpared to 
deſcribe all the uſes of which it is capable; it 
forms the beſt kind of calipers, or guage; ſerves 
for laying down diviſions and angles with peculiar 
accuracy; anfwers as a ſquare or bevil; indeed 
ſcarce any artiſt can uſe it without reaping con- 
ſiderable advantage from it, and finding uſes 
peculiar to his own line of buſineſs. 

8. Of the German parallel rule, fig. 1, plate 3 
This was probably one of the firſt inſtruments in- 
vented to facilitate the drawing of parallel lines. 
It has, however, only been introduced within theſe 
few years among the Engliſh artiſts; and as this 

a introduction 
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introduction probably came from ſome- Germ 


work, it has thence acquired it's name. It con- 
ſiſts of a ſquare and a ſtrait rule, the edge of the 


ſquare is moved in uſe by one hand againſt the 
rule, which is kept ſteady by the other, the edge 


having been previouſly ſet to the given line; it's 


uſe and conſtruction is obvious from fig. 1, plate 
3. Simple as it is in it's principle, it has under- 


gone ſome variations, two of Which I ſhall men 
tion, the one by Mr. Jackſon, of Tottenham; the* 


other by Mr. Marquois, of London. 


Mr. Fackſon's, fy. 6, plate 3, conſiſts of LO | 
equal triangular pieces of braſs ivory, or wood, 
ABC, DEF, right angled at A and E; the edges 


AB and AC are divided into any convenient num 
ber of equal parts, the diviſions in each equal; BC 


and DE are divided into the ſame number of 
equal 1 as AC, one ſide of DEF yy be . 


divided as a protractor. hs 

To draw a line GH, fig. V. plate 2, parallel 10 a 
given line, through a point P, or at a given diftance. © 
Place the edge DE upon the given line IK and 
let the inſtrument form a rectangle, then ſlide the 


upper piece till it comes to the given point or 
diſtance, keeping the other ſteady with the — 


hand, and draw the line GH. By movin 
piece equal diſtances by the ſcale: on — Sno 
number of equidiſtant parallels may be e 
If the diſtance, fig. X, plate 2, between the given 
and required lines be conſiderable, place AB upon 
IK, and EFagainſt AC, then ſlide the pieces al- 
ternately till DE comes to the required point; in 
this manner it is eaſy Wo to > confiruct wy bee or 
rectangle, &c. 
From any given peint or i P, 4 8 ; plate 2. 2; 


to let fall or paiſe a perpendicuter.d on a W Ls 


Place 


[ — 


Place either of the edges AC, upon GP, RY 
llide AB upon it, till it comes to the point op 
and draw. P H. 
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To divide a line into any 1 number of 


equal parts, fig. T. plate 2. Find the propoſed 


number in the ſcale B C, and let it terminate at 


G, then place the rules in a rectangular form, 
and move the whole about the point G, till the 
fide DE touches H; now move D one, two, or 
three divifions, according to the number and ſize 
of the required diviſions, down BC, and make a dot 
at I, where DE cuts the line for the firſt part; then 
move one or more diviſions as before, niake a ſecond 


dot, and thus proceed till the whole be com- 


pleted. 


richtet angled triangle, whoſe hy pothenuſe or longeſt 
fide is three times the length of the ſhorteſt, =y 
two rectangular ſcales. It is from this relative 


length of the hypothenuſe that theſe ſcales derive 


their peculiar advantages, and it is this alone that 
renders. them. different from the common German 
parallel rule: for this we are much indebted to Mr. 

Marquois. 
What has, been already faid of the German rule, 
applying equally to thoſe of Mr. Marquois's, I ſhall 
roceed to explain their chief and peculiar excel- 
ence. On each edge of the rectangular rule are 
placed two. ſcales, one cloſe to the edge, the 
other within this. The outer ſcale, Mr. Mar- 
quois terms the artificial ſcale, the inner oi e 
the natural ſcale: the diviſions on the outer 
are always three times longer than thoſe on 
the inner ſcales, as to derive any advantage from 
this invention, they muſt always bear the ſame 
proportion to each other, that the ſhorteſtſide of the 
right my triangle does to the longeſt. The 
triangle 


Of Marquois' ; par allel ſcales. Theſe conſiſt of a 
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triangle has a line near the middle of it, to n 
an index or pointer; when in uſe, this point ſhould 
be placed ſo as to coincide with the O diviſion of 
the ſcales; the numbers on the ſcales are reckoned 
both ways from this diviſion, conſequently, by 
confining the rule and ſliding the triangle either 
way, parallel lines may be drawn on either ſide of 
a given line, at any diſtance pointed out by the 
index on the triangle. The advantages of this 
contrivance are, 1. That the ſight is greatly aſſiſted 
as the diviſions on the outer ſcale are ſo much 
larger than thoſe of the inner ones, and yet anſwer 
the ſame purpoſę, for the edge of the right angled 
triangle only moves through one third of the ſpace 
paſſed over by the index. 2. That it promotes 
accuracy, for all error in the ſetting of the inder 
or triangle is diminiſhed one third. 

Mr. Marquois recommends the young ſtudent to 
procure two rules of about two feet long, having 
one of the edges divided into inches and tenths, 
and ſeveral triangles with their hypothenuſe in dif- 
ferent proportions to their 2 perpendi- 
culars. Thus, if fou would make it anfwer for a 
ſcale of twenty to an inch, the hypothenuſe muſt 

be twice the length of che prepinivdlice 3 ; if a 
ſcale of 30 be required three times, of 40 four 
times, of 50 five times, and ſo on. Thus alſo for 
intermediate proportions, if a ſcale of 25 is wanted, 
the hypothenuſe muſt be in the proportion of 25 to 

2; if 35, of 7 to 42, &c. Or a triangle may be 
formed in which the hypothenuſe may be ſo ſet as 
to bear any Be raph Proparmes with the pore 
pendicular. 

Of the protractor. This is an inſtrument uſed to 
ber of 6 or lay down an angle containing any num- 


of degrees, or , or to find how many degrees are 


contained 


3 
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contained in any given angle. There are two kinds 


put into caſes of mathematical drawing inſtruments, 
one in the form of a ſemicircle, the other in the 


form of a parallelogram. The circle is / undoubt- 
edly the only natural meaſure of angles; when a 


ſtrait line is therefore uſed, the diviſions thereon 


are derived from a circle or it's properties, and the 


ſtrait line is made uſe of for ſome relative conve- 
nience: it is thus the parallelogram is often uſed 


as a protrattor inſtead of the ſemicircle, becauſe it 
1s in ſome caſes more convenient, and 76a N 


ſcales, &c. may be placed upon it. 


The ſemicircular protractor, fig. 2, plate 3. is . | 


vided into 180 equal parts or degrees, which are 
numbered at every tenth degree each way, for the 


. conveniency. of reckoning either from the right. 
towards the left, or from the left towards the 


right, or the more eafily to lay down an angle from 


either end of the line, beginning at each end with. 
10, 20, &c. and proceeding to 180 degrees. The 
edge is the diameter of the ſemicircle, and the 
mark in the middle points out the center. Fig. 3, 
plate. 3, is a protractor in the form of a parallelogram ; 


the diviſions are here as in the ſemicircular. one, 


numbered both ways; the blank ſide repreſents the 


diameter of the circle. The ſide of the protrac- 
tor to be applied to the paper is made flat, and 
that whereon the degrees are marked is chamfered 
or ſloped away to the edge, that an angle may be 
more eaſily meaſured, and the diviſions ſet off 
with greater exactneſs., 1 
Protractors of horn, are from their tranſparency 
very convenient in meaſuring angles and raiſing 
perpendiculars. Whey they are out of uſe, they 
ſhould be kept in a book to prevent their warping. 
Upon ſome protractors the numbers nien 
5 the angle for regular polygons are laid down, to - 
avoi 
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avoid the trouble of a reference to a table, or the 
operation of dividing; thus, the number 5 for a 
pentagon is ſct againſt 72“; the number 6 for a 
-hexagon againfl 60; the number 7 for a dane 
ag ünſt 51439, and ſo on. 55 75 

Protractors for the purpoſes of ſurveying will be 
deſcribed in their proper place. | 
Application of the protrafor io uſe. 1. A hs 
of degrees being given, Io protratt or lay down an angie, 
whoſe meaſure ſhall be equal thereto. 

Thus, to lay down an angle of 60 degrees from 
the point A of the line AB, fg. 14,plate 3, apply the 


diameter of the protractor to the line AB, ſo that 


the center thereof may, coincide exactly with the 
point A; apply the diameter of the protractor to the 
line AB then with a protracting pin make a fine 
dot at C againſt bo upon the limb of the protractor; 
now remove the protractor, and draw a line from 
A through'the point C, and,the angle CAB con- 
tains the given number of degrees. 
2. To find the number 27 degy rees contained i ina given 
angle BAC. | 
lace the center of the protractor upon the 
angular point A, and the fiducial edge or diameter 
exactly upon the line AB; then the degree upon 
the limb that is cut by the line CA, will be the 
_ meaſure of the given angle, which in the preſent 
Inſtance is found to be 60 degrees. 


3. From a given point A, in the line A B, to ret a 
perpendicular 10 that line. 

Apply the protractor to the et A B, ſo that the 
center may coincide with the point A, and the 
div.fion marked go may be cut by the line AB, 
then a line DA drawn againſt the diameter of 
the protractor will be perpendicular to AB. 

Further uſes of this inſtrument will occur in 

Moſt parts of this work, particularly it's uſe-in'con- 
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ſtructing of polygons, which will be found under 
their reſpective heads. Indeed the general uſe be- 
ing explained, the particular application muſt be 
left to the practitioner, or this work would be 
unneceſſarily ſwelled by a tedious detail and con- 
tinual repetitions. 4 


Or THE PLANE SCALE. 

The diviſions laid down on the plane ſcale are 
of two kinds, the one having more immediate 
relation to the circle and it's properties, the other 
being mercly concerned with Ait of nt 
lines. 

It has been already obſerved, that though arches 
of a circle are the moſt natural meaſures of an 
angle, yet in many caſes right lines were ſub- 
ſtiruted, as being more convenient; for the com- 
pariſon of one right line with another, is more 
natural and eaſy, than the compariſon of a right line 
with a curve; hence it is uſual to meaſure the 
quantities of angles not by the arch itſelf, which 
is deſcribed on the angular point, but by certain 
lines deſcribed about that arch. See definitions. 

The lines laid down on the plane ſcales for the 
meaſuring of angles, or the protracting ſcales, are, 
1. A line of chords marked chO. 2. A line of ſines 
marked $IN. of tangents marked Tan. of fſemitangents 
marked sr. and of ſecan!s marked $EC. this laſt is 

| often upon the ſame line as the fines, becauſe it's 
gradations do not begin till the ſines end. 

There are :wo other ſcales, namely, the rhumbs, 
marked RU. and long, marked Lon. Scales of 
latitude and hours were formerly put upon the 
plane ſcale ; but as dialling is now but very little 
ſtudied, they are generally left out. 

The diviſions uſed for meaſuring ſtrait lines: are 
called ſeales of apt parts, and are of various lengrhs 

or 
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or the convenience of delineating any figure of a 
large or fmaller ſize, according to the fancy or pur. 
poſes of the draughts-man. They are indeed no- 
thing more than a meaſure in miniature for laying 
down upon paper, &c. any known meaſure, 'as 
chains, yards, feet, &c. each part on the ſcale 
anſwering to one foot, one yard, &c. and the plan 
will be larger or ſmaller as the ſcale contains à 
ſmaller or a greater number of parts in an inch. 
Hence a variety of fcales is uſeful to lay down 
lines of any required length, and of a convenient 
proportion with reſpect to the ſize of the drawing. 
If none of the ſcales happen to ſuit the purpoſe, 
recourſe ſhould be had to the line of lines on the 
ſector; for by the different openings of that inſtru- 
ment, a line of any length may be divided into as 
many equal parts as any perſon chuſes. 
Scales of equal parts are divided into two kinds, 
the one ſimple, the other diagonally divided. 
Six of the fimply divided ſcales are generally 
placed one above another upon the ſame rule: 
they are divided into 'as many 'equal parts as the 
length of the rule will admit of; 4 numbers 
which are placed on the right hand ſhew how 


many parts in an inch each ſcale is divided into. 


The upper ſcale is ſometimes ſhortened for the _— 
of introducing another line of chords. 
The firſt of the larger or primary Geigen on 
every ſcale is ſubdivided into 10 equal parts, which 
ſmall parts are thoſe which give a name to the 
ſcale; thus it is called a ſcale of 20, when 20 f 
theſe diviſions are equal to one inch. If, therefore, 
theſe lefſer diviſions be taken as units, and each 
repreſent one league, one mile, one chain, or one 
yard, &c. then will the larger diviſions be fo many 
| ; tens; 
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tens; but if the ſubdiviſions are ſuppoſed to be 


tens, the larger divifions will be hundreds. 
To illuſtrate this, ſuppoſe it were required to 
ſer off from either of the ſcales of equal parts, 28, 


36, or 360 parts either miles or leagues. Set one 
foot of your compaſſes on 3 among the larger or 


primary diviſions, and open the other point till it 
falls on the 6th ſubdiviſion, reckoning backwards 


or towards oy left hand. n will this extent 


repreſent 45, 36, or 360 miles or leagues, &c. 


and bear the ſame proportion in the plan as the 


line meaſured does to the thing repreſented. 
To adapt theſe ſcales to feet and inches, the 


firſt primary diviſion is often duodecimally divided 


by an upper line; therefore to lay down any num 


ber of feet and inches, as for inſtance, 8 feet 8 


inches, extend the compaſles from 8 of the larger 
to eight of the upper ſmall ones, and that diſtance 
laid down on the plan will repreſent 8 feet 8 inches. 

Of the ſcale of equal parts diagonally divided. The 


uſe of this ſcale is the ſame as thoſe already. de- 


ſcribed. But by it a plane may be more accu- 


rately divided than by the former; for any one of 


the larger divifions may by this be ſubdivided 


into 100 equal parts, and therefore if the ſcale 


contains 10 of the larger diviſions, any number 
under 1000 may be laid down with accuracy. 
The diagonal ſcale is ſeldom placed on the ſame 


ſide of the rule with the other plotting ſcales. 
The firſt diviſion of the diagonal ſcale, if it be a 
foot long, is generally an inch divided into 100 


equal parts, and at the oppoſite end there is 


uſually half an inch divided into 100 equal parts. 


If the ſcale be ſix inches long, one end has com- 
monly half an inch, the other a quarter of an inch 


The 


ſubdivided into 100 equal parts. 
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* The tiaturcef this Tele will be better ter under ood 7 


_»# CONST Ws conſtruction.” For Fiat Pur- 
re ME. + 3 HS. . * $74 4 * * * Ae? n 8 4 44 4 8 Ly a, 1 
Firſt. Draw eleven 
=—— divide theupper of theſe lines into ſuch a num. 


ber of equal parts, as the ſcale to be expteſſed is 


paralld lines at equal « diſtan- Ky 


intended to contain; from each of theſe diviſions | 


draw perpendicular lines! through” the FER pa- 


ew ow „ OT ow 


Second. Subdivide the firſt of t theſe Gig 
per and lower | 


into ten 1 parts, boch in the up 
lines. 1.4 at? 18 AS 10: wy KN 0-411 
| Thirdly. Subdivide again PRE” of theſe' fu 
viſions, by drawing diagonal” lines from 


below to the'gth above, from the 8th bdow'ts 


* 


the 7th above, and ſo on, till from the i ſt below- 
to the o above: by theſe lines each of the ſmall 


diviſions is divided into ten parts, And; conſe. 


quently the whole firſt ſpace into 100 equal 


parts; ſor as each of the ſubdiviſions is one tenth 5 


part of the whole firſt ſpace or diyifon, 1 


each parallel above it is one tenth of tuch ſub- 'P 


diviſion,” and conſequently 'one hundredth part of 
the whole firſt ſpace; and if there be ten of the 


larger diviſions, one cthouſandth part of the 
ſpace. 1 . e CEL 


If therefore th 1 diviſions bathing! as 


parts WE 
an unit, and the ſecond, marked by the di agonal ; 


units, the firſt ſubdiviſions will be tenth 


upon che parallels, hundredih parts of Wer unit. 


But if we ſuppoſe the larger diviſions to be tens, 


Whole 


the firſt ſubdiviſions will be units, and the fecond 


tenths. - If the 


firſt be tens, aud the ſecond units. 


- 


er are hundreds, then will the + 


748 numbers, 9" 576. $7.6, e dre 


9 


8 
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all expieſſible by the fame extent of the 8 3 
thus ſetting one foot in the number 5 of the 
| larger diviſions, extend the other along the 6th pa- 
rallel, to the ſeventh diagonal. For if the 5 
larger diviſions be taken for 5 hundred, 7 of the 
_ fiſt ſubdiviſions will bo 70. Chick upon the ſixth 
llel, taking in fix of the ſecond ſubdiviſions 
3 makes the whale number 596. Or, if 
the five larger diviſions be taken for 5 tens or 50, 
ſeven of the firſt ſubdiviſions will be 7 units, and 
the 6 ſecond ſubdiviſions upon the bin parallel, 
vill be ſix tenths of an unit. Laſtly, if To five 
| wage diviſions be only eſteemed as five units, then 
_ - will the ſeven firſt ſubdiviſions. be 7 tenths, and 
the ſix ſecond ſubdjihons be the fix hundredths 
W "Though 
of- t ales 0 rs. 
Bll 12 pe ues already ſaid aqua head may be 
Hermes ſufficient, I ſhall not ſcruple to introduce 
"a few more examples, in order ta render the 
yourig practitioner more perfect i in the management 
-of an inſtrument, that will be 8 N oceur- 
ring to him in practical geometry. He will have 
already obſerved, that by ſcales of equal parts 
lines may be laid down, or geometrical 1 7 
conſtructed, whoſe right ined ſides ſhall be 
the ſame proportion as any given numbers. 
Example I. To take off the number 4,79 from 
| a diaganal ſcale. Set one foot of the compaſles 
on the poiꝑt where the fourth vertical line cuts 
the ſeventh horizontal line and extend the othes 
foot to the point where the ninth. gone cuts 
the ſeventh horizontal line. 


Example 2. To take off the number 76, 4, 
Obſerve: he points where a ſixth. horizontal 
| | - "ets 
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cuts the ſeventh verde and fourth diag Sat line, - 


the extent between theſe points, will repreſen the OY: 


number 1 
In the firſt cxathþls ek” Pein diviſion 3 Is 
taken for 1, in the ſecond it is taken 7,99 
1 Example : 3. T6 lay down a line of 5. $8 5 chain 
by the diagonal ſcale... Ser one point of out 
| ol 0 where the eighth Harallel, counting. up- : 
vie cuts the ſeventh vertical line ; and extend 
tlie other point to the - interſection of the fame 
eighth pa irallel Wie the fifth diagonal, Set off the 
extent 1 8; thus found. on the linge. 
Example 4. To meaſure by the 45 jagon onal 0 
a line that is Tal laid down. Take the extent 
bf the line in your compaſſes, place one foot on 
the firſt vertical line that will bring the ot] 2 
foot among the diagonals ; move both feet up- 
wards till one of them fall into the point, w ere 
the diagonal from the neareſt renth cuts-the ſame 
parallel as is cut by the other on the vertica 
line. Then one foot ſhews the chain, and the 
other the hundredth parts of odd links. Thus, if 
one foot is on the 8th diagonal, of the 4th 
rallel, while the other is on the ſame parallel, 7 —4 
coincides with the 12th vertical, 85 have 12 
chains 48 links, or 12,48 chains. 
Eudmple 5. Three 20 acent parts of a any. rig ht. 
lined triangle beitig gen, to form the plan eto 
Thus ſuppoſe the baſe 94 a, triangle 40 chains, 
the angle F-1 BC equal 36 deg. an and angle BAC 
ual 41 TS 
Au the line AB; fe. 1 65 plate 3, and fr M 
any of the ſcales of equal parts, take off 4 and fer 
it on the ſame line from A to B for the baſe of the 
triangle ; af rhe points A, B, make the angle ABC. 
equal to 3 e and B CA to 41, and the 
9 2 triangle 
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7 triangle will be formed ; then take in your com- 
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paſſes the length of the ſide AC, and apply it/to 
the ſame ſcale, and you will find it's length to be 


24 chains; do the ſame by the fide B C, and you 


will find it meaſure 27 chains, and the protrac- 
tor will ſnew that the angle A CB contains 103 
degrees. 

Example 6. Given the baſe AB, Ag. 16, plate 3, 
of a triangle 327 yards, the angle CAB 44,30, 
and the fide A C 208 yards, to conſtitute the ſaid 
triangle, and find the length of the other ſides. _ 


Draw the line AB at pleaſure, then take 327 


parts from the ſcale, and lay it from A to B; ſet 


the center'of the protractor to the point A, lay 
off 444 degrees, and by that mark draw AC; TY 
then take with the compaſſes from the ſame ſcale 
208, and lay. it from A to C, and join CB, and 
the parts of the triangle in the N will bear the 


ſame proportion to each other as the rea] Parts. in 
the 4s. do. ps | 


LOS 


; 
;? 74 | 
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Dr vhs REMAINING 3 ON THE PLAIN Scare. 


— 


Or 3 SCALES, 
I. Of the line of chords. This line is uſed to ſet 


off an angle from a given point in any right line, 


or to meaſure the quantity of an angle already laid 


down. 
Thus to draw a line A C, fe. 14, plate 3, that 


ſhall make with the line AB an angle, contain- 


ing a given number of degrees, ſuppoſe 40 de- 


grees. 
Open your- compaſſes to the extent of 60 de- 


grees upon the line of chords, (which is always 
Equal to the radius of the circle of projection, 
&-- 


.- 1 W t % 
ww. * * . 0 A 
oY : a \ 


— — — — pup — — Gy 


DP Ah Am lh. P 


5 


* 


ESSAYS O GEOMETRY, "Ge! 37 


and ſetting one foot in the angular point, with 
that extent deſcribe an arch; then taking the ex- 
tent of 40 degrees from the ſaid chord line, ſet 
it off from the given line on the arch deſcribad; 
a right line drawn from the given point, through | 
the point marked upon the men WII form the 5 
required ange 

The degrees contained in an angle dad hid 
down, are found nearly in the ſame manner; for 
inſtance, to meaſure the angle CAB. From the 
center deſcribe an arch with the chord of 60 de- 
grees, and the diſtance CB, meaſured on the 
chords, will give the nander of "gow contained 
in the angle. | ng Rl 

If the number of Jearera 4 are more than 90 . 
grees, they muſt be meaſured upon the chords at 
twice: thus, if 120 degrees were to be practiſed, 
60 may be taken from the chords, and thoſe de- 
grees be laid off twice upon the arch. Degrees 
taken from the chords are always to be counted 
from the beginning of the ſcale. © 

Of the rbumb line. This is, in fact, a 1 of 
chords conſtructed to a quadrant divided into 
eight parts or points of the compaſs, in order to 
facilitate the work of the navigator in laying down 
a ſhip's courſe. e 

Thus, ſuppoſing the ſhip's'courſe to be NNE, 
and it be required to lay down” that angle. Draw 
the line A B, fig. 14, ale 3, to repreſent the me- 


rdian,:and about the point A ſweep an arch with - 


the-chord of 60 degrees; then take the extent to 
the third rhumb, from the line of rhtiumbs, and 
ſet it off on the arch from B to e, and draw the 
line Ae, and the angle BA e will repreſent the 
ſhip's courſe. The third rhumb was taken, be- 
cauſe NNE is the third Dan from the north. 
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Of the line of longiludes. The line of Jongitudes 
is a line divided into ſixty unequal parts, and ſo 
applied to the line of chords, as to ſhew by inſpec- 
tion, the number of equatorial miles contained in a 
degree on any parallel of latitude. The graduated 
line of chords is neceſſary, in order to ſhew. the 
latitudes ; the line of longitude ſhews the quan- 
tity of a degree. on each parallel in 60th parts of 

an equatorial degree, that is, miles. The uſe of 
tbis line will be evident from the following ex- 

ample. © A ſhip in latitude 44. 12. N. fails « 

miles, required her difference of longitude : __— 
fite to 444, equal to the latitude on the line of 
chords, ſtands 43 on the line of longitude, which 
is therefore the number of miles in a degree of 
longitude in that latitude.. Whence 43 : 60 :: 79 
: 110 miles the difference of longitude, 
The ines f tangents, R and fecants 8 
ſerve to find the centers and poles of projected 
circles in the ſterecgraphical projection of the 
ſphere. The line of fines is principally uſed for 
the orthographic projection of the ſphere; but as 
the application of theſe; lines is the ſame. as that of 
ſimilar lines on the ſector, we ſhall refer the-reader 
to the explanation of thoſe lines in our, ene 
of that inſtrument. 

The lines of latitudes and hours a are uſed con- 
. Jointly, and ſerve. very. readily to mark the hour 
lines in the conſtruction of dials; they are now 


but ſeldom uſed, and therefore very often not put 
on the ſeales, &c. 


* 


Names or THE INSTRUMENTS REPRESENTED IN 
"PLATES. 1, 2, 3. 


Plate 1, fig. A, is a pair of proportionable com- 
nw witbout an adjuſting ſerew. 


6 : B, a 
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Bj 'u"1 pair of the beſt drawing compaſſes; 5, the | 
plain 15 with a joint; c, the ink point; d, the 
dotting point; e, the pencil or crayon point; 
FO. additional pieces fitting into the place of 
the moveable point 4, and to Which the other paris 
are fitted. © 

F, a pair of bow compaſſes for ink; G A ditts 
for a pencil; H, a pair of ditto with a plain point 
for ſtepping minute F vitons: b, a ſcrew to one of 
the legs thereof, which acts like the ſpring leg of 
the hair compaſſes. 
I., the hair compaſſes ; n, The ſerew char acts : 
upon the ſpring leg. 1 5 
I K, the drawing pen ; ; x; tie upper part; k, the : 
protfacting pin thereof; K. the lower or pen part. 5 

N, a pair of triangular compaſſes. | 

O, the feeder and tracing point 
N I wo of wholes and halves. 

8. a ſmall protracting pin. * 
T. a knife, ſcrew driver, and key in one piece. 
Plate 2, fig. A, the common farallel rule. 4 

B, the Jouble barred ditto. 

"0 the improved double barred parallel role, 
0 the croſs barred parallel rule. Of theſe 33 ; 
that figured at c is the moſt perfect. | | 

E, Eckhardts, or the rollin arallel ule, 

FGH, the rectangular parallel rule. 

IKL, the protracting parallel rule. 

| MNO, Haywood's parallel rule. 

Plate 3, 1 1, the German parallel tule. . 

Hg. 2, a icircular Fare; Ag. 3, a rec- 
ungular ditto. _ 

Fig. 4 and 5, the two faces of a ſeftor. i 

3 6, Mr. Jackſon's parallel rule. : 

7 and 8, two views of a pair of OY 
cionable compaſles with an adjuſting ſcre W. 
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Fig. 9, a pair of ſectoral com paſſes. In this in- 
ſtrument are combined the W beam elliptical, 
and calliper compaſles ; jig.” 9, a, the ſquare for 
ellipſes ; 6 c, the points to work therein; de the 


calliper points. 


Fig. 10, a pair of beam compaſſes. 1 
Fig. 11, Siſſon's protracting ſcaleQ. 
Ig. 12, improved triangular 5 IR WM 


Fig. 13, a pair of ſmall AI with. a | bear - 


and micrometer. „„ 


6071001 
or. THE Sxeron... EE - 


Amidſt the variety of mathematical inſtru- 


ments that have been contrived to facilitate che 
art of drawing, there is none ſo extenſive in it's 


uſe, or of ſuch general application as the ſector. 
It is an univerſal ſcale, uniting as it were angles 
and parallel lines, the rute and the compaſs, which 
are the only. means, that geometry makes uſe of 
for meafuring, Whether in ſpecutation or practice. 
The real inventor of this valuable inſtrument i is 
unknown; yet of ſo much merit has the inven- 


tion appeared, that it was C claimed by Galileo, and 


diſputed by nations. 


This inſtrument derives it" $ name from the 


tenth deſmition of the third book of Euclid, where 


he defines the ſector of a cirele. It is formed ok 


two equal rules, fig. 4 and 5, plate 3.) AB, DB, 


called legs; theſe legs are moveable about the 


center C of a joint d e f, and will, conſequently, 


by their different opening, repreſent every poſſible 


variety of plane angles. The diſtance of the ex- 
tremities of theſe rules are the ſubtenſes or 


chords, or r the arches they deſcribe. Gy 


5 Sectors 


— Y — — — 
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Sectors are made of diffetent fizes;: but their 
length is uſually denominated from the length of 
the legs when ; ſector is ſhut. Thus a ſector of 
ſix inches, when the legs are cloſe together, forms 
a rule of 12 inches when opened; and a foot ſector 
is two feet long when opened to it's greateſt ex- 
tent. In. deſcribing the lines uſually placed on 
this inſtrument, I refer to thoſe uſually laid down 
on the beſt 6 inch braſs ſectors: But as the prin- 
ciples are the ſame in all, and the differences 
little more than in the number of ſubdiviſions, it 
is to be preſumed that no difficulty will occur in 
the application of what 1 Is ben ai to ſectors of a 
larger radius. 

Of this inſtrument, Dr. Prieſtley tim ſoraks. 
in his Treatiſe on Perſpective. « Beſides the ſmall, 
ſector in the common pocket caſes of inſtruments, 
1 would adviſe a perſon who propoſes to learn to 
draw, to get another of one foot. radius. Two 
ſoltors. are in many, caſes exceędingly uſeful, if 
not abſolutely neceſſary; and 1 would not adviſe. 5 
a perſon to be ſparing, of expence in procuring a 
very good inſtryment, the uſes of which are Jo; 4 
various and important. 

The ſcales, or lines graduated upon the faces of: 

the inſtrument, and Which are to be uſed . i 
lines, proceed from the center; and Two 
ſcales of equal parts, one on each leg, Marked 
LIN. or L. each of theſe ſcales, from Zee Fo ex 
tenſiveneſs of it's uſe, is called the line of lines. 2. 
Two lines of chords, , marked cxo. rn . 5 3 
lines of ſecanis, marked sx. or s. A line of poly- 
gons, marked POL, Upon the- other face, the ſec- 
toral lines are, 1. Two lines of ſines, marked /in. 
or s. 2. Two lines of tangents, marked tan. * 

Between the line of tangents and fines, there is 
97 ag | 2 another 
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imother ine of tangents to a leſſer radius, to ſup⸗ 
ply the defect of the former, and extending from 
45 to | 
Rel pair of theſe lines [except the line of po- 
lygons) is ſo adjuſted as to make equal angles at 
the center, and conſequently at whatever diſtance 
the ſector be opened, the angles will be always 
reſpectively equal. That is, the diſtance between 
ro and 10 on the line of lines, will be equal to 
60 and 60 on the line of chords, 90 and go on 
the line of ſines, and 45 and 45 on the line of 
mi 
Beſides the ſectoral ſcales, end are others on 
each face, placed parallel to the outward edges, 
and uſed as thoſe of the common plane ſcale. 
1. There are on the face, fig. 5, a line of inches, 
A A line of latitudes. 3. A line of hours. 4. 
A line of inclination of meridians. 5. A line of 
chords. On the face, fig. 4, three logarithmic 
ſcales, namely, 1 of ws Fg 1 of fines, and 1 
of tangents; theſe are uſed when the ſector is fully 


opened, the legs forming one line; their uſe will 


be explained when we treat of trigonometry. 


To read and eftimate the diviſions on the ſectora! 


lines. The value of the diviſions on'moſt of the 
lines, are determined by the figures adjacent to 


them; theſe proceed by tens, which conſtitue the 


diviſions of the firſt order, and are numbered ac 
cordingly ; but the value of the diviſions on the 


line of lines, that are diftinguiſhed by figures, is 
2 arbitrary, and may repreſent any value that 

is given to them; hence the figures 1, 2, 3, 4, &c. 
may denote either 10, 20, 30, 40, or 100, 200, 
r and ſo on. 


Tbe line of lines is divided into ten equal parts, 
numbered T, 23 3s ro 10; theſe may be called di- - 
_ viſions. 


4 
viſions of cho firſt order; with of theſe are 48 in 


ſubdivided into 10 other equal parts, which, may 
be called diviſions of the ſecand order; each of 


theſe is divided mneo-reva equa Prey nen "| 


_ viſions of the third order 
| The diviſions, on all the ſc cales, are. e! | 
between four parallel lines; choſe of the firſt order 
extend to the moſt diftant; thoſe of the third, to 
the leaſt; thoſe of the ſecond, to the intermediare | 
parallel. FI 
| When the whats line of "on repreſents” 109, 
the di viſtons of the firſt order, or thoſe to which 


the figures are annexed, repreſent tens; thoſe of 


the ſecond order, units; thoſe of the third order, 
the halves of theſe units. If the whole line repre- 
ſent ten, then the diviſions of the firſt order are 
units; thofe of the ſecond, tenths ; the thirds, 
twentieths. 33 ; 
In the line of tan omit the diviſions to-whith oe 
numbers are 4 fed, are the degrees expreſſed by 
thoſe numbers. Every fifth degree is denoted * 
a line ſomewhat longer than the reſt; between everx 
number and each fifth degree, there are four di- 
viſions, longer than the intermediate adjacent 
ones, theſe are whole degrees; the ſhorter ones, or 
thoſe of the third order, are 30 minutes. 
From the center, to 60 d , the line of ſes 
is divided like the line of tangents, from 60 to o:; 
it is divided only to every degree, from 70 to go, 
to every two degrees, from 80 to 905 the Arißan | 
muſt be eſtimated by the eye. wm. 
The diviſions on tbe line of thirds are to be elt | 
mated-in the fame manner as the tangents. - 
The lefer line of tangents is graduated every two - 
degrees, from 45 to 50; but from 50 to 60, to 
2 degree 3 : from bo to the end, to half degree. 
T 
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I]) be line of ſecants from © to 10, are to be eſti- 
mated by the eye, from 20 to 50; it is divided to 

every two degrees; from 50 to 60, to every de- 

gree; from bo to the end, to every half degree. 


Or "THE, ' GENERAL Law, 'OR FOUNDATION, or 


Sec robAI LINI ES, 


Let CA. CB, fie. 17, plate 3, n a pair 
of ſectoral lines, (ex. gr. thoſe of the line of lines,) 
forming the angle A CB; divide each of theſe lines 
into. four equal parts, in the points I, D, F, I. 


F, G; draw the lines HI, DE, F G, AB. Then 
becauſe CA, C B, are equal; their ſections are alſo 
equal, the triangles. are equiangular, having a 
common angle at C, and equal angles at the 
baſe; and therefore, the ſides about the equal 


angles will be proportional; for as CH to CA, ſo 
is HI to AB, and therefore, CA to CH, ſo is 
AB ͤ to HI. and. conſequently, CH to HI, ſo is 
CA to AB; and thence if CH be one fourth of 


CA, HI will be one fourth of AB, and ſo of 


all other ſections. 3 
Hence, as in all operations on the ſectoral lines 


there. Are. two triangles, both iſoſceles and equi 


angled; iſoſceles, becauſe the pairs of ſectoral 


lines are equal by conftruction; equiangled, becauſe % 


af the.common angle. at the center ; the ſides en- 


compaſſing the equal angles, are therefore Pro- 


portional. 

Hence alſo, if the lines CA, CB, repreſent the 
line of chords, ſines, or tangents, chat! is, if CA, 
A B be the radius, and the line CF the chord, fine, 


or tangent, of any propoſed number of dep grees, 


then. the line FG will be the chord, fine, or tan- 


gent, of the e fame number of degrees to the radius. 


2 : „„ 9 


AB. 


11 is ts to apl. i in th is hae au A; 


terms, either uſed. by other writers im 
deſcription of the ſector, or ſuch, 3s we. Mm 
fionally uſe ourſelves. _ .. | 
Ihe ſolution of queſtions 


gins on one line, and is finiſhed. on the other. 


The operation varies alſo by the manner in 2 


which the compaſſes are applied to the ſeckor. 7 
a meaſure be taken on any of the ſectoral lines, 


ginning at the center, it is called 4 lateral al Nance. 

But if the meaſure be taken from any point in one 
line, to it's correſponding point on the line of the 
ſame denomination on the other leg, it is called « 


tranſverſe or parallel diſtance. 


The Giviſions of each ſectoral line are bounded s 


by three parallel lines; the innermoſt of theſe is 


at on which the points of the compaſſes are to be 


placed, becauſe this alone is the line which goes 


to the center, ang is alone therefore the ſectoral ; 


line. 


We ſhall now proceed to give a few, general in- 


ſtances of the manner of operating with the ſector, 


and then proceed to practical geometry, exc 
plifying it's uſe further in the progreſs of the work, „ | 


as occaſion offers. 


Mulliplication by the line of lines. Make the lateral - 


diſtance of 'one of the factors the Frhe oh diſtance 
of 10; then the Parallel diſtance o 
is the product. | 


paſſes from the center of the ſector to 5 on the 


| 0 rimary n viſions, and r * ſector till this 


0 | diſtance 


on the 4 is f Pt to 
be /mple, when the work is beg,n and. ended on 


the ſame line; compound, when the operation Be- 


eee 
"Example. Multiply 5 by 6, extend the cor n= 


. 
* 
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E 
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: diſtance become the parallel diftahee froni 10 to 
10 on the ſame diviſions; then the parallel diſ- 
tance from 6 to 6, extended from the center of 


tte lector, ſhall feath to 3, which is now to be 
reckoned. 30. At the fame opening of the ſector, 


the parallel diſtance of 7 ſhall reach from the 
enter to 35, that of 8 ſhall reach from the center 


0 40, &c. . 


Divifen by the line of lines. Mike the lateral 
diſtance of the dividend the parallel diſtance of the 
ctiviſor, the parallel diſtance "of. 10 is the quotient, 


all reach to 6. 

Proportion by the line of lines. Make the lateral 
She of the ſecond term the parallel diſtance 
of the firſt term, the parallel diffance of the third 


term is the fourth Proportional. Example. To 


find a fourth proportional to 8, 4, and 6, take 1 
Iteral diſtance of 4, and make it the arallel 
diftance of 8; then the parallel diſtance of 6, ex- 
rea from the center, ſhall reach to the fourth 
| portiona . 
afoot the fame manner, A third p roportional is 
four ta three numbers. Thus, 6 find a third 
proportional to 8 and 4, the ſector remaining as 
in the former example, the parallel diſtance of 4 


extended from the center, ſhall reach to the card 5 


propor oportional 2. In all theſe cafes, if the number 


do be made a parallel diſtance be too great for the 


ſector, ſome aliquot part of it is to be taken, and 

the anfwer is ta be multiplied by the 5 umber by 

P which the firſt number was divided. Thus, if it 

- were lacy ired to find x fourth 9 to 5 
8. A 


Thus, to dibide 30 by 5, make the lateral diſtance 
of 30, viz. 3 on the primary diviſions, the parallel 
diſtance of 5 of the ſame diviſtons; then the 
arallef diſtance of 10, extended from the center, 


ME . 


= 52 = 


a 


222 2 . 
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;. and 63 becauſe he lateral diſtance of EP 
| term 8 cantior be made the parallel Wftance.of the | 


| firſt term 4, take the lateral diſtance of:4; Yiz: the 


half of 8, dh make it the parallel diſtanct of the 
firſt term 43 then the parallel diſtance of the third 
term 6 ſhall reach from the center to 6, V. the 
half of 12. Any oth r aliquot p neee 
may be uſed in the ſame way. I like manner, if 
the number propoſed be too {mallito-bg made the 
parallel diſtance, it may be multiplied by fonig 
number, and the anſwer is 70 de eren > by the 
ſame number. 

To protrat? angles by the line of aborue;- | Cafe 1. 
When the given degrees are under 60. 1. With 
any radius AB, fig. 14, plate 3, on A as à center, 
deſcribe the arch BG. 2. Make the fame radius 
a tranſverſe diſtance between þ0and 60 on the ling 
of chords. g. Take out the tranſverſe diſtance of 
the given degrees, and lay this on the arch from 
B towards 8 which will move out rg war 
diſtance required. 
Caſe 2. When the given degrees are more than 
60. 1. Open the ſector, and deſcribe the arch as 
before. 2. Take I or 4 of the given degrees, and 
take the tranſverſe diſtance of this 5 or 4, and lay 
it off from B towards G, twice if the deprers were 

halved; three times if the third was uſed as a tranf- 
verſe diſtance. 

Caſe 3. When the required angle is leſs man 6 
degrees, ſuppoſe 3. 1. Open the ſector to the given 
radius; and deſcribe the arch as before. 2. Set off 


57 degrees batkward from G © f. won wit _ © 
the arc fb 99 _ 


SOME 
- 


the radius from Bro C. 3. Set off the chord of 
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Sow Users or ThE SECTORAL Scaues or 15 


Taxokxrs, Ax p Seren 
Ar 0 


> Given the radius . a ps T4 ſuppoſe e wal to 2 
inches, required the: Jo ine, * Langen of 280 30˙ 10 
ibat ndius , d et 


45 on the tangents, may be equal to the given 


diſtance. of 28 300, taken from the fines, be the 
length of that ſine to the given radius; or if taken 


gent to the given radius. | 
But if the ſecant of. 28" 30 was required 4 
Mlake the given radius two inches, a tranſverſe 
| diſtance to o and o, at the beginning of the line of 
ſecants; and then take the tranſverſe diſtance of 
the degrees wanted, viz. 28 0. 
A tangent greater than 45 degrees ( apple 60 de 
grees) is "fund thus. 


Make- the given radius, ſuppoſe 2 inches, a 


degrees 602 O may be taken from this ſcale. 
The ſcales of upper tangents and ſecants do not 
run quite to 76 degrees; and as the tangent and 
ſecant may be ſometimes wanted to a greater num- 
ber of degrees than can be introduced on the ſector, 
they may be readily found by the help of the an- 


8 unity. | . 5 | ; 27 10 


55 . e „ 00% f Degrees 


3 


4 Robertſon on Mathematical Inſtrumaants, 


Solution. Open che ſector ſo that the tranſverſe 
diſtance of 90 and 90 on the ſines, or of 45 and | 


radius, viz, two inches; then will the tranſverſe 


from. the tangents, will be the length of that tan- | 


tranſverſe diſtance to 45 and 45 at the "99 a I 
ol the ſcale of upper tangents; and then the required 


nexed table of the natural tangents and ſecants of 
the e above / 5. the radius a the circle being : 


fe 
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| . | > g 
prop Nat. Tango] Nor — e 
7 | 76 I 47011, 5 4 - 
| 7 | - 4701 | e 
"oy - G4 T 5,241 | 
80 F 8555 of \ $759 51 
81 0,314 6,332 - 
e Ti 25. vg 
| 1 ü 5 - OP Pb. Wh 
INN . 9,567 
. 1 1,474 1 
12 V 
11% / OM” tiene, Þ: 
r _ 1 + = 
1 2579 1 37,30 


Meaſure the radius of the circle uſed, upon, aux 
ſcale of equal parts. Multiply the tabular number 
by the parts in the radius, and the product will 
give the length of the tangent or ſecant ſought, to 
be taken from the ſame ſcale of equal part. 
EXAMPLE. Required the length of the tangent. and 
feeant of 80 degrees to a circle, whoſe radius, meaſured. 
on a ſcale of 25 parts toan inch, is 475 of thoſe parts? 
tangent. ſecant. 


Againſt 80 degrees ſtands V 
The radius © e 48 e eee 


5 50 ee 25798 
|; 39697 40313 
22684 23036 


ih 


- 69725 8 5 
So the length of the tangent on the twenty- fifth 
ſcale will be 2697 nearly. And that of the ſecant 
about 273“. | ; 
VVV 
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Or thus. The tangent of any number of degrees 


may be taken from the ſector at once; if the ra- 


dius of the circle can be made a tranſverſe diſtance 
to the 1 of thoſe degrees on 'the lower 


tangent. 


ExaMpLE. To find the tangent Us 78 are 40 4 
radius of 2 inches. 
Make two inches a tranſverſe diſtance to 12 de- 

grees on the lower tangents; then the tranſverſe 
_ diſtance of 45. degrees will be 5 tangent of 78 


degrees. 
In like manner the pan of any number of de- 


grees may be taken from the ſines, if the radius of 


the circle can be made a tranſverſe diſtance to the 
co-fine of thoſe degrees. Thus making'two inches 
a tranſverſe diſtance to the fine of twelve degrees; 
then the tranſverſe diſtance of 90 and 905 yell be 
the ſecant of 78 degrees. 


From hence it will be eaſy to find the en 
anſwering to a given line, expreſſing the length 


of a tangent or ſecant, which is too long to be 


meaſured on thoſe ſcales, when the ſector 1 is ſet to 


the given radius. 

Thus, for a tangent, make the given line. a 
tranſverſe diſtance to 45 and 45 on the lower tan- 
gents; then take the given radius and apply it to 
the lower tangents; and the degrees where it be- 


comes a tranſverſe diſtance is the co-tangent of the 


degrees anſwering to the given line. 
And for a ſecant, make the given line a tranſ- 


: verſe diſtance to 90 and 90 on the fines. Then 


the degrees anſwering to the given radius, applied 


as a tranſverſe diſtance on the fines, will be the 


co-ſine of the degrees anſwering to the given ſecant 


line. 


ti 


en 
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_ Given tbe leng tb of the | ſine, tangent, or ſecant; of 9 
any degrees; 10 7 tbe length of the radius lo that. ſine, : 


tangent, or ſecunt. 


Make the given length a 5 11 . to = 
it's given degrees on it's reſpective ſcale: Then, 


In the fines. I he tranſverſe diſtance of 90 and 
go will be the radius ſought. 


In the lower tangents. The cranes Jiflance of 
45 and 45, near the end of the ſector, will be. the 


radius ſought. 
In the upper . The e Jiflance 
of 45 and 45, taken towards the center of the ſector 


on the line of upper ae. will be the center 
Jobs: 5 


In the ſecant. The anſverſe diftance 5 ©) and lo, 


or the beginning of the ſecants, near the center of 


the ſector,. will be the radius ſought. dah 
Given the radius and any line repreſenting a fone, 


tangent, or Jecant, to find the degrees WTO lo 


that line, 
SOLUTION. Set the ſector to the given radius, 


according as a * or tangent, or ſecant is con- 


cerned. ES 
Take the gi ven line between the en gx ; 

ply the two feet tranſverſely. to the ſcale pap," 

and flide the feet along till they both reſt on like 


diviſions. on both legs; then will thoſe diviſions 
ſhew the degrees and parts; correſponding to * 


given line. 


To find the length of a verſed ſme 10 4 given munber 
of degrees, and a given radius. 
Make the tranſverſe diſtance of. 90 and 90 on 


the ſines, equal to the given radius. 


Take the tranſverſe diſtance of the fine comple. 5 
ment of nn degrees... Tie RE?” - 


a 


7 ö 
* 
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If the given degrees are leſs than 90, the dit. 
| elende between the ſine e and che 


radius, gives the verſed ſine. 


If the given degrees are more than go, the ſum 
of the fine complement and. the radius, 1285 the 


verſed ſine. 


Jo open the legs of the feftor, 5 that the corve ſpond- 
ing double ſcales of lines, chords, : A. nes, 1 may 


make each a right angle. 
On the lines, make the lateral diſtance 10, a dif. 
tance between 8 on one leg, and fix on the other 


leg. 2 


On the fines, Welk the lateral Ulkenee 90, a 


tranſverſe diſtance from 45 to 45; or from 40 to 


50; or from 30 to bo; or from the ſine of any de- 
grees, to their complement. | 
Or on the ſines, make the lateral diſtanck of 45 2 


. tranſverſe diſtance between 3⁰ and 30. 


Seiter Groerrcar PzoBLEMS. 


Sciense may ſuppoſti and the mind conceive 


things as poſſible, and eaſy to be effected, in which 


art and practice often find inſuperable difficultics. 
« Pure ſcience has to do only with ideas; but in 
the application of it's laws to the uſe of life, we 
are conſtrained to ſubmit to the imperfections of 
matter, and the influence of accident.” Thus 
Practical geometry ſhews how to perform, what 
theory ſuppoſes; in the theory, however, it is 
ſufficient to have only a right conception of the 
objects on which the demonſtrations are founded; 


drawing or delineations being of no further uſe, 


than to aſſiſt the i Imagination, and leſſen the exer- 


tions of the mind. But in practical geometry, we 


not only conſider the things as poſſible to be ef- 
fected, 


* 
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ſefted, but are to teach the ways, t che inftruments, 5 
and the 0 rations by which they may be actually 5 
2 It is not ſufficient here to ſhe „that 


a right line may be drawn between two points, =... 6 

a circle deſcribed about à center, and then de. 

monſtrate their Properties ; but we muſt actually _ 1 
delineate them, and exhibit the figures to the 
ſenſes: and it will be found, that the drawing of - 

a ſtrait line, which « occurs in all geometrical ope- 7 
rations, and which i in theory is conceived. as caſy 
to be effected, is in practice attended A confi- 
derable difficultics, 2 

3 draw a ſtrait line between two points upon 
ane, we lay a rule ſo that the ſtrait edge there- 

FE 614 juſt paſs by the two points; then moving 3 
fine pointed needle or drawing pen along this 
edge, we draw a line from one point to the oth: f 
which for common purpoſes is ſuffciently exa 

but where great accuracy is required, it will be ; 

found extremely difficult to lay the rule equally, mk: 
with reſpect to both the points, ſo as Not. to be 
nearer to one point than the other. It is. difficult 
alſo ſo to carry the needle or pen, that it ſhall nei- 
ther incline more to one fide than the other of the 
rule; and thirdly, -it is very difficult to find a rule 
that ſhall be perfectly ſtrait. If the two points be 
very far diſtant, it is almoſt impoſſible to draw 
the line with accuracy and exactneſs; a circular 
line may be deſcribed more eaſily, and more ex- 
actly, than a ſtrait or any other line, though even 
then many difficulties occur, when the circle i is 
required to be of a large radius. 

It is from a thorough conſideration of theſe dif- 
ficulties, that geometricians will not allow thoſe: 
lines to be geometrical, which in their deſcription 
require the ſliding of a point along the edge of 4 

a 8 


=, 


14 
| 
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Re” as in the ellipſe, and ſeveral other Curve lines, 
whole properties have been as fully inveſtigated, 
and as clearly demonſtrated, as thoſs of the circle, 
. From hence alſo we may deduce ſome of thoſe 
maxims, which have been introduced into prac- 
| tice by Bird and Smeaton, which will be ſeen in 
their proper place. And let no one conſider theſe 
reflections as the effect of too ſcrupulous exactneſs, 
or as an unneceſſary aim at preciſion; for as the 
i foundation of all our knowledge in geography, 
I! | navigation, and aſtronomy, is built on obſerya- 
/ tion, and all obſervations are made with inſtru- 
ments, it. follows, that the truth of the obſerva- 
tions, and the accuracy of the deductions there- 
from, will principally depend on. the exaQneſs 
with which the inſtruments are made and divided; 
and that theſe ſciences will advance in proportion 
as they are leſs difficult in their uſe, and more per- 
fect in the performance of their reſpective opera- 
tions. 

There is ſcarce any thing which proves more 
clearly the diſtinQion between mind and bedy, 
and the ſuperiority of the one over the other, than 
a reflection on the rigid exactneſs of ſpeculative 
geometry, and the inaccuracy of practice, that is 
not directed by theory on one hand, and it's ap- 
proximation to perfection on the other, when 
guided by a juſt theory. 

In theory, moſt figures may be Wenne to an 
almoſt infinite exactneſs, yet nothing can be more 
| Inaccurate and groſs, than the ordinary methods of 
menſuration; but an intelligent practice finds a 
medium, and corrects the imperfection of our me- 
chanical organs, by the reſources of the mind. If 
ye were more perfect, there would be teſs room 


for 


„ 


. 
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Us the exertions. of our mind, and our knowledge 
would be leſs. . 5 

If it had been Rel to. bs all things with - 
exatineſs, we ſhould have been ignorant of many 
curious properties in numbers, and been deprived 
of the advantages. we . derive from logarithms, 
fines, tangents,  &c. . If practice were perfect, ĩt 
is doubtful whether we ſhould haye ever been! in 
poſſeſſion of theory. 

We ſometimes conſider with a tink of envy, the 
mechanical perfection and exactneſs, that is to be 
found in the works of ſome animals; but this per- 
fection, which does honour to the Creator, does 
little to them; they are ſo perfef, DO. becauſe 
they are beaſts. 3 

The imperfection of our organs is abundantl 
made up by the perfection of the mind, of = 
we are ourſelves to be the artificers. 

If any wiſh to ſee the difficulties of rendering | 


practice as perfect as theory, and the wonderful re- 


ſources of the mind, in order to attain this degree 
of perfection, let him conſider the operations of 
General Roy, at Hounſlow-heath ; operations that 
cannot be too much conſidered, nor too much 
_ praiſed by every POSI. in the art * geo- 
- mee. 
PROBLEM 1. Toeref a perpendicular at or near. 
the end of agiven right line, CD, fig. 5, Plate 4. 
_ Method 1. On c, with the radius CD, deſcribe 


a faint arc ef on D; with the ſame radius, croſs 


ef at G, on G as a center; with the ſame radius, 
deſcribe the arc DF; ſet off the extent DG twice, 


that is, from D to E, and from E to F. Join the 
points D and F by a right Wh and it * be the 


icular required. 
5 


\ 


E Fa na Nelles 


a 
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Method 2, fig. 5. On any point 8 with the 


radius DG, EIS an arch ( FD; chen a rule 


laid on C and G, will cut this arc in F, a line join- 


ing the points F and D vill be the required per- 
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Method 3. 1. Fes the point c, fig. 6, plate WM 


with any radius deſcribe the arc run, cutting the 
line AC in r. 2. From the point r, with the 
ſame radius, Croſs the arc in n, and from the | point 
n, croſs it in m. 3. From the points n and m, 

with th ſame or any other radius, defcribe two 
arcs, cutting each other In S. 4. Through the 


points s and C, draw the line SC, and it will by 


the perpendicular required. 
Method 4. By theline of lines on the ſetor, f 
plate 4. 1. Take the extent of the given line © 


5 2. Open the ſector, till this extent is a tranſverſe : 


diſtance between 8 and 8. 3. Take out the tranſ- 
verſe diſtance between 6 and 6, and from A with 
that extent, ſweep a faint arc at B. 4. Take out 
the diſtance between 10 and 10, and with it from 
c, croſs the former arc at B. 5. A line drawn 


throug h A and B, will be the perpendicular re- 


dale the numbers 6, 8, 10, are uſed as mul- 
riples n 
By this method, 4 en may be caf 162 and 
accur rately erected on the ground. _ 
ethid 5. Let AC, fig. 7, plate 4, be the 
given line, and A the given point. 1. At. any 
int D, with the radius DA, deſcribe the arch 


Z A B: 2. With a rule on E and D, croſs this 


arch at B. 3. Through A and B draw a right 
a Une, and it will be the required perpendicular! 


' PROBLEM 2. To raiſe a perpendicular * the 


_ or any other point G, of a Sen line 1 B. Als 


0 
0 
a 
T 
b 
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285 On 8 fg. 8, plats 4. mth any. convenient 


diſtance within fe ilmits of the line, mark, or fer | 


off the points n and m. 2. From n'and m, with 


any radius greater than GA, deſcribe two ares in- 


terſecting at c. 3. Join cG by a line, and * will 
be. the perpendicular required. 


PROBLEM 3. From @ given point 0 „ fig. 8 | Plate. 
4 out of a given line AB, 10 let fall a perpendicular. : 


When the point is nearly oppoſite to the middle 


- of the line, this problem is the converſe of the pre- 


ceding one. Therefore, f. From , with any ra- 


dius, deſcribe the arcs n, m. 2. From nm, with 
the ſame,or any other radius, deſcribe two arcs in- 
terſecting each other at S. 3. Through the points 


EG draw the line Cs, which will be the Fequired 


Y line. | 
When the point i is ey oppaſits to the end of 
= line, it is the converſe of Ages 5. problem 


I, I. 7, Plate 4. 15 
I. Draw a aint line through B, and any conve- 


nient point E, of the line A C. 2. Biſect this line 
at D. 3. From D with the radius DE deſcribe 
an arc cutting AC at A. '4. Through A and B 


draw the line A B. and 1 it will — che perpen- 
dicular required. 


Ano ber method. 1. Proms A, F3 £9, 7 plate 4 45 of 

ius A C, de- 
ſcribe the arc C D. 2. From any other point n, 
with the radius n C, deſeribe another arc cutting 
the former in D. 3. Join the point CD e 1 
line CD. and ce will be "the' pee 


any other point in AB, with the 


re ſuired. ä 
ROBLEM 4. Though 4 given point [2% 1% draw 4 


line poralll 4 % 4 ben , la. A B, N 10, 15 
n 1 A 
1. + on any Nat! D, ein the given une or 


* ent 


* 
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thous: it, and at.a convenient. . W C,) 


deſcribe an arc paſſing through C, and cutting the 


given line in A. 2. With the ſame radius deſcribe 


another arc 28 AB at B. 3. Make BE, equal 

to AC. 4. Draw a line CE. through the point 

Cand E, EY it will be the required Paal 
This problem anſwers Whether the required 


line is to be near to, or far from the given line; 
or whether the point D be ſituated on AB, or ny, 


whete deiner it and the er de line. 11 


WD 


. From BA 9 3 any pies ig deſcribe the arc 
nm, cutting. the legs B Bm, in the points 


n and m. 2. Draw the line Dr, and from the 
point D, with the ſame radius as before, deſcribe 


the arc rs. 3. Take the diſtance mn, and apply it 


to the arc rs, from r to s. 4. Through the points 
D and s, draw. the line, Ds, and the angle r Ds 
will be equal to the angle m B n. N A B C, as re- 
quired. 


| PROBLEM 6. To extend, with accuracy 4 a ſhort firait 
Tine to any aſſignable length; or, through iwo given 


nee at a ſmall difance from each other, lo draw a 


trait line. 


It frequently happens that a line as ſhort as, « that 


between A and B, 5g. 11, plate 4, is required to be 
extended to a confiderable length, which is ſcarce 


attainable by the help of a rule alone; but may be 
performed by means of this problem, without error. 
Let the given line be AB, or the two points A and 


B; then from A as a center, deſcribe an arch 
C B D; and from the point B, lay off B C equal 
to BD; and from C and D as centers, with any 
radius, deſcribetwo arcs interſecting at E, and from 
F two more interſecting the arch FEG at F and G, 


. FO Wav &. 


and 


An bi Fand G, Kc. thin f Mit l A 


length. 


32, 154 128, &c. equal parts. 
RO 


angle therewith. 2. Set off on this 


„ 
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through E will paſs through A, and in the ſame 
manner the F has: may be extended to ind ns ors 


Tz 


"Or. THE ; DrvisIon - or STRAIT Lions. 
ProBLEM J. To biſe or divide a given rat | 


le AB into two equal parts, fig. 13, plate 4. 


1. On A and B as centers, with any radius 
greater than half A B, deſeribe ares interſecting each 


other at C and D. 2. Draw the line C D, and the 


point F, where it cuts A B, will be the middle of 
the line. £42 

If the line to ys biſected be near the extreme 
edge of any plane, deſcribe two pair of arcs above 
the given line, as at C and E; then a line * pam 
duced, will biſect A B in K. 

By the line of lines on the ſeeor. ih Take A B in 
the compaſſes. 2. Open the ſector till this extent, N 
is a tranſverſe diſtance between 10 and 10. 3. The 
extent from 5 to 5 on the ſame line, ſet off from A 
or B, gives the half required: by this means a 
given line may be readily divided into 2, 4. 8, 16, 


BLEM 8. To divide à given frrait- line AB 
into any number of equal parts, for * inſtance 8. 
Met bod 1, fig. 14, plate 4. Thro . ex- 
tremity of the line A B, draw A co making any 
line from A to 
H as many equal parts of any length as AB is to 
be divided into. 3. Join HB. 4. Parallel to 
HB draw lines WE; the points B. E, P, G, and 


theſe will divide the line AB into the parts re- 3 


quired. 
Second method, fe. | plate 4. 1. Throu oh B 

fray LD, forming anyangle with AB. 2. Takeany 2 
2 | — 


kl 
| 

fi 
"m0 
103 
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equal paris D F, FG, GH, HI, II 
A and K draw A K, cutting BD in L. 5. Lines 
drawn through L, and the poinis F, G, H, I, K, will 
divide the line A B into the required number of 


fer the diviſions of DI to ind it wil! 
divided as required. II Mis a line of a different 


1 


- 
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* 
* 


| holes D either above or below A B. and through D 


raw DK parallel to AB. 7 On D 95 off five 
Ko IK. 4: . hrough 


t 


arts. 


ends of the line AB, draw two lines A C, BD, 


parallel to each other. 2. In each of theſe lines, 
beginning at A and B, ſet off as many equal parts 
: 0 one, as AB is to be divided into, in the pre- 
5 ent inſtance four equal parts, AI, IK, K L, LM, 


on AC; and four, BE, EF, F G, GH, on BD. 
Draw lines from M to E, from Lto F, K to G, 
I to H, and A B will be divided into five equal 


two lines CD, EF parallel to each other. 2. Set 


off on each of theſe lines, beginning at C and E, 


any number of equal parts. 3. Join each point in 
CE ein e er e poi in NF, 4 Take ts 
extent of the given line in your compaſſes. 5. Set 
one foot of the compaſſes opened to this extent in 


I. 6. Join DI, which being 17 to AB, tranſ- 
A B, 


e eee 
Theſe foregoing methods. are introduced, on 


account, not only of their own peculiar advantages, 
hut becauſe they alſo are the foundation of ſeveral 


mechanical methods of diviſion, 


PROBLEM 9. To cut off from à given line A B any 
odd part, as 3d, dib, th, 31Þ, Sc. of thai line, fig. 18, 
M 8 Mhgh 2 Of vt NO AAS" 


* \ 2 


1. Draw 


bird method, fig. 17, plate 4. I. F 1 the 


pw my, - 25 


Fourth method, fig. 16, plate 4. 1. Draw any 


4 ww a 4an yo} ,.hLa 


D, and move the other about till it croſſes NG in 


and it will be 


1 


AB. 


r r GOP as. 2 
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. Draw through. either end * a line A 2 


? forming Io angle with AB. 2. wank AC el qual 


to AB. 1 C and K draw the line Gb. 


4. Make Bo eh ual to CB. 5. Biſect A C in a. 
6. A rule on a ad D will all off 9 equal 3d of 


If it be required to dine AB intò five equil 
parts, 1. Add unity to the given, number, and 
halve it, 5+1==6, £== three. Divide A Ci into 


| three parts; or, as AB is fey to AC, ſet 
off Ab equal Aa. 3. A rule on D, and b will 


cut off b Bith part of AB. 4 Divide Ab into 
four equal parts 157 two bilections, and A B will 
be divided into five equal parts. 


To divide AB into ſeven equal parts, 1112 
= 4. 1. Now divide AC into four parts, . 


; biſef a C in c, and cC will be the zth of AC. 


2. A rule on c and D cuts off c B Ith of A B. 
5. Biſect A c, and the extent c B will divide ach 

alf into 3 equal parts, and conſequently the 
whole line into 7 equal partes. 

To divide AB into 9 equal parts, 9+1=10 
1s —;, Here, 1. Make A d equal to If and d 
will bes of AC. 2. A rule on D and d cuts Ni 
dBrofA . 4. Biſect Ad. 4. Halve each 
theſe biſections, and Ad is divided into 4 equal ; 
parts. 5. The extent d B will biſect each of theſe, . 
and thus divide AB into nine equal . 

If any odd number can be ſubdivided, as g by 31 
then firſt divide the given line into 3 parts, a 


take the third as a new line, and find the third 


thereof as before, which gives the ninth part re- 
quired. Eg 
Melthed 2: Let D B, Ag. 10, pte 4 4, be the given 
line. 1. Make two equilateral triangles A DB, 
CDB, one on cach de of the line D B. 2. Bi- 
Sh 


% 


neceſſary. AG is 2, AK 2 A 
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ſect Ah in G. 3 Draw C G. which will cut off | 
HB equal 2d of DB. 4. Draw DF, and make 


GF 8 7 to DG. 5. Draw HF which cuts off 
Bh equal 4 of AB, or DB. 6. Ch cuts DB. in 


zi one fifth part. 7. Fi cuts A B in k equal th 


of DB. 8. Ck cuts DB in 1 equal th of BB. 


9. Fl cuts AB in m equal 4th of DB. 10. Cm. 


cuts DB at n equal one ninth part. thereof. W 
Method 3. Let AB, fg. 1 25 plate 5, be the given 


line to be divided into it's aliquot parts 4, % 4. 
1. On AB ereQ the ſquare AB CD. 2. Draw 
the two Fa AC, DB, which will croſs each 
other at E. . Throug x4 1 


to AD, cn A B in 6. 4. Join DG, and the 


line will cut the diagonal A C; at H. 6. Through 
H draw IH K 5 to AD. 5. Draw DH 
croſſing AC in L. 7. And through L draw 


M LN parallel to AD, and ſo proceed as far as 
N 4 of AB.* 

. Method 4. Let A B, Ig. 1 3, plate 5, be the given 
line to be ſubdivided. 1. Through A and B draw 


CD, FE parallel to each other. 2. Make CA, 
AD, FB, FE equal to each other. 3. Draw 
wo E, which ſhall divide AB into two equal parts 


at G. 4. Draw AE, DB, interſecting each other 


at H. 5. Draw G H interſecting AB at I. 
making AI 3d of AB, 6. Draw DF cutting 


AE in K. 7. Join CK, which will cut AB in 
L, making A L equal 1 of AB. 8. Then draw 


| Dg, cutting AE in M,. and proceed as before. 


| CoROLLaRY. Hence a given line may be accu- 


8 rately divided into any prime number whatſoever, 
by firſt cutting off the odd part, then A the | 
remainder by continual biſections. 


4 


| PROBLEM 


* Hooke's Poſthumous Works. 


draw FE G parallel 


in nad. 3 aA co 6 


_ 
i *.- 


9 


N 
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PropLIM, 10. An eaſy, . imple, and very oe ful me- 


WL than the original. { 


eo DEE eo mints 6 1 tne WR? 
- 


any line in your compaſſes, and ſet off this extent 


the 4 of the given line. Similar to this is what is 


ſhall introduce in it's proper place. 
PROBLEM II. To divide by the ſector a (given frait 
ine into any number of equal parts. 


of, 2. 
AB, fig. 6, plaie 5, into 16 equal parts. 1. Make 


diſtance between; and 5, and ſet it from A or B to 

8, and AB will be divided into two equal parts. 

3. Make Ag a tranſverſe diſtance between 10 and 
' 10, and 4 the tranſverſe diſtance between 5 and g, 


Is divided i into four equal a1 in the points 4, b, 
and Fa 6 The extent A4, pur e 10 and 
e 10, 


termed the angle of reduction, or proportion, de- 
ſcribed by ſome foreign writers, and RICK. ME 


* 
; F 44 2 
+ 
\ 3 8 
1 = 
p ; M 
7 1 
* * 
* a © ; 5 
63 ; | | 
* « 
: 
* 
: 
* 


Ibo of laying. down a ſcale for dividing lines into any 
number of equal parts, or [far reducing ns to "OR ce 


If the ſcale is for dividing lines into two 9 £ 
parts, conſtitute” a triangle, fo that the hypothe.. 
nuſe may be twice the length of the perpendicular; 
Let it be three times for dividing them into 3 

equal parts, four for four parts, and ſo on: fig. 11, 
Plale 4, re reſents a ſet of triangles ſo conſtituted. 
77 find the third of the line by this ſcale. 1. Take 


from A towards 4, on the line marked one third; 
then cloſe the compaſſes ſo as to ſtrike an arch that 
| ſhall touch the baſe A C, and this diſtance will be 


.. Caſe 1. When the given line is to be divided 
into: a number of equal. Parts chat are multiples 7 


In this caſe 6 operations are beſt im by 
continual biſection; let it be required to divide 


AB a tranſverſe diſtance between 10 and 10 on 
the line of lines. 2. Take out from thence the - 


will biſect 8A, and 8B at 4 and 12; and thus AB _ 


— v 
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10, and then the diſtance between; 5 and g ap plied 
from A to 2, from 4 to 6, from 8 to 10, PE? Rom ; 
12 to 14, Will biſect each of thoſe parts, and di- 
vide the whole line into 8 equal parts. 5. To 
biſect each of theſe, we might take "is extent of 
A2, and place it between 10 and 10 as before; 
but as the ſpaces are too ſmall for that purpoſe, 
take three of them in the compaſſes, and open the 
ſecdor at 10 and 10, ſo as to accord with this mea- 
ſure. 6. Take out the tranſverſe meaſure between 
5 and 5, and one foot of the compaſſes in A will. 
give the point 3, in 4 will fall on 7 and 1, on 8 
will give 5 and 11, on 12 gives 9. and 1 ct and on 
B will give 13. Thus we have, 'in a corre& and 
_ eaſy Wale, divided AB into 16 equal parts by a 
6 continual biſection. 
; If it were required to biſeR each of the foregoing 
diviſions, it would be beſt to open the ſector at 10 
and 10, with the extent of five of the diviſions 
Wil, og already obtained; then take out the tranſverſe 
a dadiſtance between z and 5, and ſet it off from the 


+ 


other diviſions, and they will thereby be biſected, 3 
and the line divided into 32 equal parts. 
| WW rt 2. When the given number is not a mul- 
. 
Let the given line be AB, fig. 7. Mate 4, to be, 
divided into 14 equal parts, a number which is not 
a a multiple of 2, 
1. Take the extent A B, and open the ſector to 
it on the terms 10 and 10, and the tranſverſe diſ- 
tance of 5 and 5, ſet from A or B to 7, will divide 
AB into two equal parts, each of which are to be 
ſubdivided into 7, which may be done by dividing 
A/ into 6 and 1, or 4 and 3. which laſt is pre- 
ferable to the firſt, as by it, the operation m be 
finiſhed with only two biſeRions, e 
| | "2. There 


2 
% 


VV S% 


5 ww 


SF - 


gives the point 4, from 7 gives 3 and 11, and 


into 14 equal parts. 


. OT We We 1 RY" 
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2. Therefore open the ſector in the terms 7 and 


, with the extent A/; then take out the tranſverſe 
diſtance between 4 and 4, this laid off from A, 
c 

3. Make A4 a tranſverſe diſtance at 10 and 1o, 
then the tranſverſe diſtance between 5 and 5 


bdiſects Ab, and 10 B in 2 and 12, and gives the 


point 6 and 8; then one foot in 3, gives 1 and 5, 


| and from 11, 13, and g: laſtly, from 4 it 98 6, 


and from 10, 8; and thus the line AB is divided 


PROBLEM 12. To make a ſcale of equal parts con- 


laining any given number in an inch. 


Example. To conſtrutt a ſcale of feet and inches 
in ſuch a manner, that 25 of the ſmalleſt parts ſhall 
be equal to one inch, and 12 of them repreſent 


eee | | | | 
By the line of lines on the ſector. 1. Multiply the 


given numbers by four, the products will be 400, 


and 48. 2. Take one inch between your com- 
paſſes, and make it a tranſverſe diſtance between 


100 and 100, 2. the diſtance between 48 and 48 will 
be twelve of theſe 25 parts in an inch; this extent 


ſet off from A to 1, fig. 3, plate 5, from 1 to 2, &c. 


to 12 at B divides AB into a ſcale of 12 feet. 
3. Set off one of theſe parts from A to a, to be ſub- 


divided into 12 parts to repreſent inches. 4. To 


this end divide this into three parts; thus take the 


extent A2 of two of theſe parts, and make it a 
tranſverſe diſtance/ between 9 and 9. 5. Set the 
diſtance between 6 and 6 from b to e, the ſame 


extent from 1 gives g, and from e gives n, thus 
dividing Aa into 3 equal parts in the points n and 
g. 6. By two biſections each of theſe may be 

N ſubdi- 
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ſubdivided into four equal parts, and thus the 
whole ſpace into 12 equal parts. 
When a ſmall number of diviſions are + eule, 
as 1, 2, or g, inſtead of taking the tranſverſe diſ- 
tance near the center of the ſector, the diviſion will 
be more accurately performed by uſing the ann, 
iog method. 
Thus, if 3 parts are required from A, of which | 
| the whole line contains 9o, make AD, fg. 4, 
plate 5;, a tranſverſe. diſtance between 90 and 903 
then take the diſtance between 87 and 87, which 
ſer off from D to E backwards, and AE will c con- 
tain the 3 deſired parts. 

Example 2. Suppoting a ſcale 6 inches to con- 
tain 140 poles, to open the ſector ſo that it may 
anſwer for ſuch a ſcale; divide 140 by 2, which 
gives 7o, the half of 6 equal to 3; becauſe 140 was 
too large to be ſet off on the line of lines. Make 
three inches a tranſverſe diſtance between yo and 
70, and your ſeftor becomes the required ſcale. 

Example 3. To make a ſcale of 7 inches that 
ſhall contain 180 fathom; D. g, therefore 
make 3 a tranſverſe between 9 and 955 and you have 
the e ene. e . 


Or PROPORTIONAL Lives. | 


* 


© PROBLEM 15. To cut 4 given line AD, ihe. 145 
Plate 5, into 17wwo une qual parts that ſhall have any grues 
Proportion, ex. gr. of C to D. 
1. Draw AG forming any angle with AD. 
2. From A on AG, ſet off AC equal to C, and 
CE equal to D. 3. Draw ED, and parallel to it 


CB, which will cut AD at e the Wer pro- 
Portion, : 


* 


To 


ec 
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To divide by the ſector, the. line AB, Ag. 1, 


plate 5, in the proportion of 3 to 2. Now as 3 and 


2 would fall near the center, multiply them by 2, 
thereby forming 6 and 4, which uſe inſtead of 3 
and 2. As the parts are to be as 6 to 4, the 
whole line will be 10; therefore make AB a tranſ- 
verſe diſtance between io and 10, and then the 
tranſverſe diſtance between 6 and 6, ſet off from B 


to e, is Iths of AB; or the diſtance between 4 and 


4, will give Ae Iths of AB; therefore A io is cut 
in the proportion of 3 to 2. 
Example 2. To cut AB, fig. 2, plate 6, in nat k 
proportion of 4 to 5: here we may uſe the numbers 
themſelves; therefore with A B, open the ſector at 
gand 9, the ſum of the two numbers; then the diſ- 
tance between 5 and 5 ſet off from B:toic,: or 
between 4 and 4, ſet off A to c, and it divides AB 


in the required proportion. 


Note. If the numbers be too foull, th Andie 


equimultiples ; if too large, ſubdivide them. Y 


Grollary.. From this problem we obtain another 
mode of dividing a ſtrait line into any number of 
equal parts. 

PROBLEM 14. 7 0 en; the propertion beinveey 
tw or more Hain lines, as AB, CD, * F, fig. 9. 
pate 4. 

Make AB a tranſverſe diſtance haven. 10 and 
10, then take the extents ſeverally of CD and EF, 
and carry them along the line of lines, till both 
points reſt exactly upon the ſame number; in the 
ficſt it will be found to be 85, in the ſecond 87. 
Therefore AB is to CD as 85 to 100, to EY as 
67 to 100, and of CD to EF as 67 to 85. 

ProBLEM 15. To find a third proportional to two 
given right lines A and B, 15 15, 1 5 ſe F: 

n From 
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1. From the point D draw two right lines DE, 
DF, making any angle whatever. 2. In theſe 
lines take DG equal to the firſt term A, and DC 
DH, each equal to the ſecond term B. 3. Join 
GH, and draw CF parallel thereto; then DF will 
be the third proportional required, chat! is, DG (A) 
to D C, (B,) ſo is DH (B) to DE. 

By the ſeftor. 1. Make AB, fig. 5, plate 5, a 
tranſverſe diſtance between 100 and 100. 2. Find 
the tranſverſe diſtance of EF, which ſuppoſe 50. 

3. Make EF a tranſverſe diſtance between 100 and 
100. 4. Take the extent between go and 50, and 
it will be the third proportional C D required. 

ProBLEM 16. To find a fourth proportional 10 three 
given right lines A, B, C, fig. 16, plate 5. 

1. From the point 4 draw two right lines making 
any angle whatever. 2. In theſe lines make ab 
equal to the firſt term A, ac equal to the ſecond B, 
and ad equal to the third C. 3. Join be, and draw 
de parallel thereto, and ae will be the fourth pro- 
3 required; that is, ab (A) is to ac (B), 

o is ad (C) to ae. 

By the feftor. 1. Make the line A a ert 
diſtance between 100 and 100. 2. Find the tranſ- 
verſe meaſure of B, which is 60. 3. Make c the 
third ws a tranſverſe meaſure between 100 and 
100. 4. The meaſure betwecn-60 and 60, will be 
the ouch proportional, 

PROBLEM 17. To find a mean priperifonal between 
tzoo given ſtrait lines A and B, fig. 17, plate "op 

1. Draw any right line, in which take CE equal 
to A, and EA equal to B. 2. Biſect ac in B, 10d 
with BA, or BC as a radius, deſcribe the ſemi- 
circle ADC. g. From the point E, draw EG 


perpendicular to AC, and ir will be che mean pro- 
E requ ired. 


/ 


2 : Þ 
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bo 
By the ſeckor. Join the lines together, and get 
the 1. of them, 130; then find the half of t is 
ſum 65, and half the difference 25. Open theline 
of lines, ſo that they, may be at right angles to 
each other; then take with the compalies the 
lateral diſtance 65, and apply one foot to the half 
difference 25, and the other foot will reach to 60, 
the mean proportional required; for 40 to 60, ſol is 
bo to 90. 
ProBLEM 18. To cut a given line A B into extreme | 
and mean proportion, fig. 18, plates, 
1. Extend ABto C. 2. At A ere a perpen- 
dicular AD, and make it equal to A B. 3. Set the 


half of AD or AB from A to F. 4. With the 


radius FD deſcribe the arc DG, ind AB will be 
divided into extreme and mean proportion. AG 
is the greater ſegment. 

By the ſector. Make AB a tranſverſe diſtance 
between 60 and 60 of the line of chords. 2. Take 
out the tranſverſe diſtance between the chord of 36, 


which ſet from A to G, gives the greateſt * 


ment. 


Or, make AB. a tranſverſe diſtance between 54 
and 54 of the line of ſines, then is the diſtance be- 
tween 30 and 30 the greater ſegment, and 18 and 
18 the leſſer ſegment. 

PROBLEM 19. To divide a given Prait line in the 
ſame 1 * tion as another given ſtrait line is divided. 

B, or CD, g. 2 Plate 5, be two given 
a lines the firſt divided into 100, the ſecond 
into 60 equal parts; it is Foes | jp divide EF 
into 100, and G H into 60 equal pa 1 

Make EF a tranſverſe iftance in in "the terms 100 
and 100, then the tranſverſe meaſure between go 
and go ſet from E to go, and from F to 10; the 
meaſure between 8e and 80 ſet from E to 80, and 
from F to 20, and the meaſure between 70 and 70 

F3 ſer 
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ſet from E gives 70, from F 30. The diſtance 
between 60 and 60, gives us 60 and 40; and laſtly, 
the tranſverſe meaſure, between 50 and 50 biſects 
the given line in the point 50, and we ſhall, by five 
tranſverſe extents, have divided the line EF into 
To equal parts, each of which are to be ſubdivided 
into 10 ſmaller diviſions by problems 11 and 12, 
To divide GH into 60 parts, as we have ſup- 
poſed CD to be divided, make G H a tranſverſe 
diſtance in the terms of 60, then work as before. 
PROBLEM 20. To find the angular point of : 2a 
given lines AB, e P, fig. 22, plate 5, which incline” 
to each other withouf producing eil ber of them. | 
Through A draw at pleaſure AN, yet ſo as not 
to cut c P too obliquely. 
I. Draw the parallel lines A Ge, K3. 2. Take 
any number of times the extents, AN, GO, KP, 
and ſet them on their reſpective lines, as from N to 
, and v, from o to Þ and e, from P to æ and 8, and 
a line through 3, e, v, and another through 4, fl, 7, 
will tend to the os point as the lines AB, GD. 
 Method2. 1. Through AB and CD, fg. 21, 
Plate 5, draw any two parallel lines, as GH and 
FE. 2. Set off the extent BD. twice, from B ta 
G, and D to H; and the extent AC twice, from 
A to F, and from C to E. 3- A line paſling 
through F and G will interſect another line Wi 
through E and H in I, the angular point require 
The extent FA, GB, may be multiplied as di- 
vided, ſo as to ſuit peculiar circumſtances,” 
Corollary, Hence, if any 4wa lines be given that 
tend to the ſame angular point, a third, or more 
lines may be drawn that ſhall tend to the ſame point, | 
and yet paſs through a given point. 
Solution by the ſeclor. Cafe 1. When, the pro- 
poſed point e is between the two given lines V L 


and ab, fg. 23, plate 5. <4 > Th h 
| Throug| 
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Through e draw a Line a v, cutting ab at a, and 


VL at V, then from any other point b, in ab, the 
further the better, draw bx parallel to ab, and 


cutting VL in x, make av a tranſverſe diſtance 
between 100 and: 100, or the line of lines; take 
the extent ev, and find it's tranſverſe. meaſure, 


which ſuppoſe to be 60; now make x ba tranſverſe, 
diſtance between 100 and 100, and take out the 


tranſverſe diſtance of the terms 60, which ſet off 


from x to f, then a line drawn through. the points 
e and f, ſhall tend to the ſame-inacceſlible Point 4 


with che given lines ab, VL. 


Caſe 2. When the propoſed point e is without . 
the given lines a b and VL. 


Through e draw any line ev, cutting ab in a, and 
VL in v; and from any other point b in ab draw 
xF parallel to ev, and cutting, VL in x, make 
ve a tranſverſe diſtance in the terms of 400; find 
the tranſverſe meaſure of av, which ſuppoſe 72; 


make x b a tranſverſe meaſure. of 72, and take out. 


the diſtance between the terms of 100, which ſet 

off from x to f, anda line ef drawn through e and 

f, will tend to the ſame point with the line ab. 
If the given or required lines fall ſo near each 


other that neither of them can be meaſured on the 
terms of 100, then uſe any other number, as 80, 


70, 60, &c. as a tranſverſe meaſure, ed work aha 
that as you did with 100, 

This problem i is of conſiderable uſe in many geo- 
metrical operations, but particularly ſo in perſpec- 
tive; for we may conſider VL as a vaniſhing line, 
and the other two lines as images on the picture; 
hence having any image given on the picture that 
tends to an inacceſſible vaniſhing point, as many 
more images of lines tending to the ſame. point as 


may be required are readily drawn. This problem 5 


e e | 15 


5 
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is more fully illuſtrated, and all the various caſes 
inveſtigated, in another part of this work, 
ProBLEM 21. Upon a givenright line AB, fig. 19, 
Plate 5, to make an equilateral triangle. 

1. From A and B, with a radius equal to AB, 
deſcribe arcs cutting in C. 2. Draw A C and BC, 
and the figures ACB is the triangle required. 


An iſoſceles triangle may be formed in the ſame 
manner. 


PROBLEM 22. To make a triangle, whoſe three 


ſides * be reſpectively equal to three given lines, 


A, B, C, fig. 20, plate 5, provided any two of them 
be preater than the third. 


1. Draw a line BC, equal to the line B. 2. On 
B, with a radius equal to C, deſcribe an arc at A, 
3. OnC, with a radius equal to A, deſcribe ano- 
ther arc, cutting the former at A. 4. Draw the 
lines AC and AB, and the figure A BC, will be 
the triangle required. 

PROBLEM 23. Upon a given line AB, hg. I, Plate 6, 
to deſcribe a ſquare, © 


1. From the point B, draw BD perpendicular, 


5 and equal to AB. 2. On A and D, with the ra- 


dius A B, deſcribe arcs cutting in E. 3. Draw 
AC and CD, and the figure AB CD, 1s the re» 
quired quare. 

PROBLEM 24. To deſeribe a rectangle or paral- 
f Jelogram „ Whoſe length and breadth ſhall be equal to two 
given lines A and B, fig. 2, plate 6. 


1. Draw CD equal to A, and make DE per- 


pendicular thereto, and equal to B. 2. On the 

points E and C, with the radii A and B, deſcribe 

arcs cutting in F. 3. Join C F, and EF; then 
CDEF will be the bee required. 

PROBLEM 25. N line A B, fo conflrutt 

A rbombus, 25 * pl 6 6. 9 

I, JN 


% 
pen, "TOY — oY "EY nu 
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1. On B, with the radius AB, deſcribe an arc 
at . On A, with the fatne radius, deſeribe 
an arch at C. 3. On C, but ſtill with the ſame 
radius, make the interſection D. 4. Draw the 
lines AD, DC, — B, and you have the required . 
ti ure. 

"Hoving two given lines A B, A D, and a given. 
angle, to conftrut? a rbomboides. 

Make the angle A CD equal to the even Age 
and ſet off CD equal to AD, and AC equal to 
AD: then from A, with the diſtance AB, deſcribe 
an arc at B; interſect this arc with the extent AD, 
ſet off from D; Join AB, AD, and the figure is 
completed. 

PrOBLEM 26. Having the dition AD; and four 
fides AB, BD, CD, Ae, to conflrut? a trapezium, 
fig. 5, plate 6. 

Draw an occult line AD, and make it equal to 

the given diagonal. Take AB in the compaſſes, 

and from A ſtrike an arch at B; interſect this arch 
from D with the extent DB, and draw AB, DB; 
now with the other two lines AC, CD, and from 

A and D, make an interſection at C; ; Join DC, Ac, 
and the figure i is completed. _ 

ProBLEM 27. Having the four ſides, 1 one angle, 

10 17 Toy a trapezium, Nig. 5, plate 6. 

e the line AB equal to it's given ide, 
and 4 1 make the angle CAB equal to the given 
angle, and AC equal to the given fide AC; 
then with the extent BD from B, deſcribe an 
arch atD, interſe& this from c, with the extent 

Cb; join the ſeveral lines, and the figure 1 is ob- 
tained] 

89 4 72 28. E find the center of a circle, fg. 6, 


1. Draw 
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1. Draw any chord AB, and biſect it with the 


chord CD. 2. Biſect ED by the chord E. F, and 


their interſection o, will be the center of the 


circle, 


Plate 5, provided they are not in a ſirail line. 
1. From the middle point B, draw the chords 


BA, and BC. 2. Biſect theſe chords with the 


perpendicular lines mO, nO. 3. From the point 
of interſection O, and radius OA, OB, or OC, 


you may deſcribe the required circle ABC. By 


this problem, a portion of the circumference of a 


circle may be finiſhed, by aſſuming three points. | 


PROBLEM 30. Tv So a tangent to a groen circle, 


that ſhall paſs through, 4 given point A, fig. 8 and g, 


Plate 5. 


Caſe 1. When the point A is in the circum» 


ference of the circle, g. &, plate 5. 
I. From the center O, draw the radius OA, 


2. Through the point A, draw CD perpendicular 


to OA, and it will be the required tangent... 
Caje 2. When the point A is without the circle, 


fig. 9, plate 5. 


1. From Na center 0, draw OA, and biſect it 
in n. 2. From the point n, with the radius nA, 
or nO, deſcribe the ſemicircle ADO, cutting the 
given circle i in D. 3. Through the points A and 


D, draw AB, the tangent required. 


ProBLEM 31. 70 cul off from a circle, . 1 
plate 5, a Jegment containing any propoſed "angle, | 


ex, gr. 1205 


Let F be the point from whence it is required 0 


draw a chord which ſhall contain an angle of 120“. 
1. Through F, draw FR a tangent to the circle, 


2, From F, dam FA, making an angle of 60 


degiecs, 


| PropLEM 29. 7¹⁰ deſcribe the 3 F442 
circle through any three given points ABC, fig. 7, 
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degrees, with the tangent F R, and FCA is the 
ſegment required. 
PROBLEM 32. On 4 given line AB, t derbe the 
ſegment of a circle capable of contarning 4 e l. 
fig. 11, plate 6. 
Draw AC, and BC. making che angles A BC. 
AB C, each equal to the given angle. Draw AD 
rpendicular to AC, and BD perpendicular to 
BC; with the center D, and radius DA, or DB, 
deſcribe the ſegment AEB, and any angle made 
in this ſegment, will be equal to the given angle. 
A more eaſy ſolution of this problem will be given, 
when we come to apply it to practice. 
PROBLEM 33. To deſcribe an arch of a cirde that -- 
Hall contain any number of degrees without compaſſes, 
or without finding the center of the circle, fig. 12, 
late 5 
f Geomerrically by finding points through which 
the arch is to paſs, let AB be the given chord. 
1. Draw AF, making any angle with BA. 2. At 
any point E, in AF, make the angle EFG, equal 
to the given angle. 3. Through B, draw BE 
8 to FG, and the interſection gives the point 
, In the ſame manner as many points D, C, &c. 
may be found, as will be neceſſary to complete the 
arch. 


This ſubject will be found fully inveſtigated 
hereafter, 
PROBLEM 34. To o inſcribe a circle i in a given tri- 
angle, ABC, fig. 13, plate 6. | 
1. Biſect the angles A and B with the lines AO 
and BO. 2. From the point of interſection O, 
let fall the perpendicular ON, and it il be the 
radius of the required cirele. | 
PROBLEM 35. To inſcribe a FRAY a hexagon, 
gr a decagon, in a given circle, fig. 15, plate 6. 
6 1. Draw 


— 
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1. Draw the diamenen AB and C E at right 


angles to each other. 2. Biſect DB at G. 3. On 
85 with the radius GC, deſcribe the arc CF. 

4: Join C and E, and the line CF will be one ide 
of the required pentagon. 


The two fides DC, FD of. the triangle FDC, | 


enable us to inſcribe a hexagon or decagon in the 
fame circle; for DC is the tide of the hexagon, 
DF that of a decagon. 

- PRoBLEM 36. To inſcribe a nary or an octagon 
in a given circle, figs 16, plate 6. 
I. Draw thediameters AC, BD, at right angles 
io each other. 2. Draw the lines AD, BA, BC, 
E D, and you obtain the required ſquare. 


Fox THE OcTacos. 


| Biſe& the arc AB of the ſquare in the point F, 


and the line AE being carried 8 times round, will 


form the octagon required. 
"PROBLEM 37. In a given circle Io inſcribe an 


Ne triangle, an eres, or a dodecagon, Jig, 17, 


plate 6. 
Fon THE EQUILATERAL TRIANGLE. 


1. From any point A as a center, with a diſtance 
equal to the radius A O, deſcribe the arc FOB, 
2. Praw the line BF, and make BD equal to BF. 
3- Join DF, and BDF will be the equilateral re- 
quired. 3 


For THE Hexacox, 


Carry the radius AO fix times round the 
circumference, and you obtain a hexagon, : 
OR 
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Fox THE Doptcacon. 

Biſect the arc AB of the hexagon in the p bein u. 

and the line An, being carried twelve times round 
the circumference, will form the required dode- 
cagon. 

PROBLEM 38. Anol ber werdba to inſeribe a 4 

cagon in a circle, or to divide the circumference of a 
given circle, into 12 equal Jarns, euch 10 30 n 
Ig. 18, plate 6. 

1. Draw the two diameters i, 7. 4, 10, perpen- | 
dicular to each other. 2. With the radius of the 
circle, and on the four extremities. 1, 4, 7, 10, as 
centers, deſcribe arcs through the center of the 
circle; theſe arcs will cut the circumference in the 
points required, dividing it into 12 equal on at 
he points marked with the numbers. 

PROBLEM 39. To find the angles at ibe _—— 
and the ſides of a regular Polygon. | 

Divide 360 by the number of ſides in the pro- 
poſed polygon, thus 442 gives 72, for the angle at 
the center of a pentagon. To find the angle formed 
by the ſides, ſubtract the angle at the center from 
180, and the remainder is the angle required; thus 
72 from 1 80e, gives 108 for che angie of a pens 
tagon. 


4 TABLE, A en of the ebe ee 
of f regular polygons, from three to twelve, fides incluſive. 


er 
Names, ee at Center| Angles at Cir. ö 
Trigon 3 
Square 4 
Pentagon 51 
Hexagon 
Heptagon 7 
Octagon 18 
Nonagon gf 
Decagon 10 
Endecagon 11 
| Dodecagon 12 


— 
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* 


This table is conſtructed, by dividing 360, the 
degrees in a circumference, by the number of ſides 


in each polygon, and the quotients are the angles 
at the centers; the angle at the center ſubtracted 
from 180 degrees, leaves the angle at the circum- 
ference. ; 

PROBLEM 40. Ins given circle to inſeribe 9 


regular polygon, fig. 14, plate 6. 


1. At the center c, make an angle equal to the 
center of the polygon, as contained in the pre- 
ceding table, and join the angular points AB. 2. 
The diſtance AB will be one ſide of the polygon, 
which being carried round the circumference, the 
proper-number of times will complete the figure. 

Another methad, which eee very nearly the 
truth, fig. 19, plate 6. 

1. Divide the diameter AB into as many equal 
parts as the figure has fides. 2. From the center 
O raiſe the perpendicular Om. 3. Make mn 
equal three fourths of Om. 4. From n draw nC, 
through the ſecond diviſion of the diameter. 5. 


Join the points AC, and the line AC will be the 
tide of the required polygon, in this inſtance a 


pentagon. 


PROBLEM 41. Aboiu any given triangle A B C, 1 


circumſeribe a circle, fig. 21, plate 6. 
I. Biſect any two my AB, BC, by the per- 


pendiculars mo, no. 2. From the point of inter- 
ſection o, with the diſtance OA or OB, deſcribe 
the required circle, 

PROBLEM 42. About à given circle to circunſerite 
a peniagon, fig. 20, plate 6. 

1. Infcribe a pentagon within the circle. 2. 


Through the middle of each ſide draw the lines 


OA, OB, OC, OD, and OE. 3. Through the 


8.5 = An @ 
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OB in A and B. 4. Through the points A and 


m, draw the RY NavE; meeting OC in cin. 
In like manner draw the lines CD, DE, and E B, 


and ABCDE will be the pentagon required. 
Ilgn the ſame manner you may about. a WHOS Cir- 
cle circumſcribe any polygon. 
| PROBLEM 43. About a given ſquare lo circun- 
ſort a circle, fig. 22, plate 6. 


Draw the two diagonals AD, BC, interſec- ; 
__ each other at o. 2. From O, with the dif 
tance OA or OB, deſcribe the circle an W 


which will circumſcribe the ſquare. _ 

_  ProBLEM 44. On a given line AB, to make a re- 
gular hexagon, fig. 24, plale 6. 

1. On AB make the equilateral triangle A OB. 

2. From the point O, with the diſtance OA or 
O B, deſeribe the circle ABC DEF. 3. Carry 
AB ſix times round the circumference, and it Lies 
torm the required hexagon. 


PROBLEM 45. Ona given line A B, to form . a re- 
gular. polygon of oy Propoſed number of / ſides, . 14. 


plate 6. 

1. Make the angles CAB, CB A, Shak: equal 
to half the angles at the circumference; ſee the 
preceding table. 2. From the point of interſec- 
tion c, with the diſtance CA, deſcribe a circle. 


3. Apply the chord AB to the circumference, the 


propoſed number of times, and it will form the 
required polygon. 

PROBLEM 46. On a given line AB, fig. 2 A Plate 
6, to form a regular oclagon. 


1. On the extremities of the given line AB, . 
erect the indefinite perpendiculars AF and BE. 


2. Produce AB both ways to s and w, and biſect 
the angle n As and oB by the lines AH, BC. 
3. Make AH and BC each equal to AB, and 


draw 
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draw the line HC. 4. Make ov equal to on, and 
through v draw GD parallel to HC. 5. Draw 
HG and CD parallel to AF and BE, and make 
cE equal to cD. 6. Through E draw EF, pa- 
zallel to A B, and join the points GF and BE, 
and ABC DEFGH will be the octagon required. 
ProBLEM 47. On a given right line AB, fig. 26, 


plate 6, 10 deſcribe a regular penlagon. Or 
* Make Bm perpendicular, and equal to AB. 

2. Biſect AB in n. 3. On wy with diſtance nm, ; 
croſs AB, produced in O. 4. On A and B, with eg. 
radius A O, deſcribe arcs rating at D. 5. EY 
On D, with radius AB, deſcribe the arc EC, and ti 
on A and B, with the ſame extent, interſoc this i 

arc at E and C. 6. Join AE, ED, DC, CB, 
and you complete the figure. vg 
 ProBLEM 48. Upon a given right line AB, fg. po 
27, 5 6, 10 deſcribe a en Similar 10 the trian- th 

ie C | 
, 1. At the end A, of the given line AB, make * 
an angle FAB, equal to the angle ECD. 2. At 75 
B make the angle AB F, equal to the angle CDE. 7 
3. Draw the two fides AF, BF, and ABF will 
de the required triangle. th 

PROBLEM 49. | To deſcribe a polygon, / ſimilar to a 1 

given polygon ABCDE F, one 7 it's fi des ab being 2. 
given, fig. 28, plate 5. bs 
oP Draw AC, AD, A F. 2. Set off ab on (; 
AB, from a to r 3 draw rg. parallel to BE, < 
meeting AF in g. 4. Through the point g draw EF. 
gh, parallel to FC, 8 AC in h. 5. Thro' 4 
che point h draw the parallel hi. 6. Through i 
draw i k, parallel to ED, and the figure Ar ghik J 
will be ſimilar to the figure ABCD EF. 1 

PROBLEM 50. To reduce a figure by a ſeals ig. n 
28 ws 29, you: . 

1. Mea- 
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I. Meaſure each fide. of the figure ABCDE 
with the ſcale, GH. 2. Make a b as many parts 
of a Imaller ſcale K L, as A B was of the larger. 
3. be as many of K L, as B C of GH, and ac of 
KL, AC, &c. by which means che Hgure will be 
reduced to a ſmaller one. 


Or THE TRANSFORMATION. AND Repucrion or 
Ficusss. 


ProBLEM 51. To change 4 triangle into anther of 
equal extent, but different height. 
Let ABC, hg. I, 2, 3, 4, Plate 7, be the given 
| triangle, D a point at the given height. 

Caſe 1. Where the point D, fig. 1 ae 2, plate 
7, is either in one of the ſides, or in the pfolonga- 
tion of a fide. 1. Draw a line from D to the op- 
poſite angle C. 2. Draw a line A E, parallel 
thereto from A, the ſummit of the given triangle. 
3. Join DE, and B D E is the required triangle. 

Cafe 2. When the point D, fg. 3 and 4, plate 
7, is neither in. one of the ſides, nor in the prolon- 
gation thereof. 1. Draw an indefinite line BD a, 
trom B through the point D. 2. Draw from A, 
the ſummit of the given triangle, a line Aa, pa- 
rallel to the baſe BC, and cutting the line B D in a. 

3. Join ac, and the triangle Bac is equal to the 
tale BAC; and the point D being in the 
ſame line with Ba. 4. By the preceding caſe, 
find a triangle from D, 2 to Ba C; i. e. join 
DC, draw a E parallel thereto, then join E, 
and B D E is the required triangle. | 

Grollary. If it be required to change the e 4 
BAC into an equal triangle, of which the height 
and angle DB E are given: 1. Draw the indefi- 
nite line B DA, making the required angle _— 
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BC. 2. Take on BDa a point D at the given 
height; and, 3. Conſtruct the tangle by the 
foregoing rules. | 
PROBLEM 52. To make an 100 celes triangle AEB, 
he. 5: plate 7, equal to the ſcalene triangle A CB. 
Biſed the baſe in D. 2. Erect the « 
Fs be DE. 3. Draw CE parallel to AB. 
Draw AE, EB, and AEB is the required fl. 
angle. | 
PROBLEM 53. To make an equilateral triangle 
equal to a given ſcalene triangle AB C, fig. J, plale ). 
1. On the baſe AB make an equilateral trian- 
_ gle ABD. 2. A BD towards E. 3. Draw 
CE parallel to AB. 4. Biſect DE, at I, on DI 
deſcribe the ſemicircle 5 FE. 5. Draw BF, the 
mean proportional between BE, BD. 6. With 
BF, from B, deſcribe the arch FGH; with the 
ſame radius from G, interſe& this arch at H, draw 
BH, GH, and BG H is the triangle required. 
Corollary. If you want an equilateral triangle 


equal to a rectangle, or to an iſoſceles triangle, 


find a ſcalene triangle reſpectively equal to each, 
and then work by the foregoing problem. 
PROBLEM 54. To reduce a rectilinear figure 
ABCD E, fig. 8 and q, plate 7. 10 another equal to 
it, but with one fide leſs. 
1. Join the extremities E, C, of two ſides, DE, 
DC, of the ſame angle D. 2. From D, draw a 
line DF, parallelto EC. 3. Draw EF, and you 
obtain a new polygon A BF E, equal to ABCDE, 
but with one fide leſs. 


Corollary. Hence every rectilinear figure may be 


reduced to a triangle, by reducing it ſucceſſively to 
a figure with one fide leſs, until it is brought to 
one with only three ſides. 


For 


or 
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For example ; let it be required/ to reduce the 
polygon ABCDEF, jg. 10 and 11, plate 7, into 


a triangle I A H, with it's ſummit” at A, in the 


circumference of the polygon, and it's baſe on. the 
baſe thereof prolonged. 

1. Draw the diagonal DF. "us Drew E G, 
parallel to DF. 3. hm FG, which gives us a 
new polygon, AB CG F., with one fide leſs. TOR 
To reduce ABCGF, draw AG, and parallel 
thereto F H; then join A H, and you obtain a 
polygon ABC H, equal to the preceding one 
ABCGE. 5. The polygon AB CH having a 
fide AH, which may ſerve for a fide of the trian- 
gle, you have only to reduce the part A B C, by 
drawing A C, and parallel thereto BI; join A l, 
and you obtain the required triangle I A H. 

N. B. In figure 10 the point A is taken at one 
of the angular points of the given polygon ; in 
figure II it is in one of the ſides, in which caſe 
there is one reduction more to be made, than 
when it is at the angular point. 

Corollary. As a triangle may be changed into 
another of any given height, and with the angle 
at the baſe equal to a given angle ; if it be re- 
quired to reduce a polygon to a triangle of a given 
height, and the angle at the baſe alſo given, you 
mult firſt reduce it into a triangle by this problem, 
and then change that triangle into one, with the 


required data, 'by the prol Im <1. 


ay If the given figure is a parallelogram, 

. 12, plate 7, draw the diagonal E C, and D F 

raralle thereto; join EF, and the triangle EBF 
is equal to the parallelogram EB CD. 
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Or THE ADDITION or Frevxrs, 
| 


1. If the Gpurek to be added are triangles of the 
ſame height as AMB, BNC, COD, DPE, 


fg. 14, plate , make a line AE equal to the ſum 
of their baſes, and conſtitute a triangle AME 


thereon, whoſe height is equal to the given height, 
and AME will be equal to the given triangles. 


2. If the given figures are triangles of different 
heights, or different polygons, they muſt firſt be 


reduced to triangles of the ſame beige and then 
theſe may be added together. 
3. It the triangle into which they are to be 


ſummed up, is to be of a given height, and with a 


given angle at the baſe, they muſt firſt be reduced 
into one triangle, and then that changed into an- 


other, by the preceding rules. 


4. The triangle obtained may be changed it into 


a Parallelegram by the laſt Wap h 


MuLTIPLICATION. or FicuRts. 
1. To multiply AMB, Ag. 13, plate 7, by a 


given number, -for example by 4; or more accu- 
farcly, to find a triangle that ſhall be quadruple 

he triang e A B. f Lengthen the baſe A E, ſo 
that it may be four times A 'B, join M E, and the 


triangle AME will be' quadruple the triangle 


A MB. 2. By reducing any figure to a triangle, wc 
may obtain a triangle which. may be multiplied 1 in 
the ſame manner. 


SUBTRACTION OF FIGURES. 


1. If the two triangles BAC, dac, fig: 15 
plate 7, are of the ſame height; take from the 
baſe BC of the firſt a part DC, equal to the * 
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dc of the other, and join A B: then will the tri- 
angle ABD be the difference berween the two 
triangles. 

If the two triangles be not of the ſame kei ght, 
they muſt be reduced to it by the preceding 5% 
and then the difference may be found as above; or 
if a polygon is to be taken from another, and a 
triangle found equal to the remainder, it may be 
eaſily effected, by reducing them to > triangles of 
the ſame height. 

2. A triangle may be taken from a polygon, by 
drawing a line within the polygon, from a given 
point F on one of it's ſides. To effect this, let us 
ſuppoſe the triangle to be taken from the polygon 
ABCD E, jg. 16, plate 7, has been changed into 
a triangle MOP, fe. 26, whoſe height above. it's 
baſe MP, is wh to that of the given point F, 
above A B; this done, on A B, (prolong ed if ne- 
ceſſary) lay off A G equal to OP, join F G, and 
the triangle A F G is equal to the triangle MOP. 
There are, however, three caſes in the ſolution of 
this problem, which we len therefore notice by 
themſelves. 
| If the baſe MP dot not exceed AB, fe. 16, 
plate 7, the point G will fall thereon, and the 1 85 
blem will be ſolved. 

But if the baſe MP exceeds the baſe AB, G 
will be found upon A B prolonged, g. 17 and 18, 
Plate 5; join F B, and draw G H parallel thereto; 
_ the Htuation of min Fold ariſe * other two 
caſes. | 

Caſe 1. When a 1 H, fie: 155 plate 7 is 
found on the ſide B C, contiguous to the fide A B, 
join FH, and the quadrilateral figure E A B H 1 is 
equal to the triangle MOP. 

Caſe 2. When H, fig. 18, plate 7 meets BC, 
3 from F, draw FC and H! parallel 

G 3 thereto; 
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thereto ; then join FI, and the pentagon FAB CI 
is equal to the triangle MOP. 


DrvisION OF RECTILIN EAR Ficukxs. 


To divide the triangle AME, ſig. 13, Plate 
1; Jan four equal parts; divide the baſe. into 
four equal parts by the points B, C, D; draw 
MD, MC, MB, and the e will be divided 
into four equal parts. 

2. If the triangle AME, fe. 19, plate 7; is to 
be divided 1nto foyr equal parts from a point m, 
in one of it's ſides, change it into another A me, 
with it's ſummit at m, and then divide it into 
four equal parts as before; if the lines of divi- 
ſion are contained in the triangle A ME, the 
problem is ſolved ; but if ſome of the lines, as m, 


terminate without the triangle, Join m E, and 
draw dD parallel thereto; join md, and the 


quadrilateral m CE d is equal mD one fourth 


of AME, and the triangle is divided into four 


equal parts. 

. To divide the polygon ABC DEF, fe. 20, 
plate 6, into a given number of equal parts, ex. 
gr. 4, from a point G, ſituated in the fide AF; 
1. Change the polygon into a triangle AGM, 
whoſe ſummit is at G. 2. Divide this triangle 
into as many equal triangles AG H, HG1I, IGK, 
K GM, as the polygon is required to be divided 
into. 3. Subtract from the polygon a part equal 
to the triangle A & H; then a part equal to the 
triangle A GI, and afterwards a part equal to the 
triangle A GK. and the lines GH, GR, GO, 
þ ka. from the point G, to make theſe ſubtrac- 
tions, will divide the polygon. into. four equal 
parts, all which will be eee evident from 
the __ „ ++: 


PRoOBLEN 
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PROBLEM £6. Three points, fig. 21 10 25, plate 7. 
N, O, A, being given, arranged in any manner on 4 


flrait line ; to find two other Sour, B, b, in the ſame 


line ſo ſituated, that as 
NO: AB:: AB: NB 
NO: Ab:: Ab N: 


Make aN. and 1 placing 


r 


3 


them one after the other. 10 that A 22 Q. | 


7 


Obſerving, 1. That in the two figures 21 and 


22, A is placed between N and O; and that A P 
is taken on AO, prolonged if neceſlary bi 


2. In fg. 23, where the point O is RR be- 


tween N and A, AP ſhould be 77 on the ſide 
oppoſite to A G. 


3. In fig. 24, where the point N is firated be- 
tween A and O, if AP be ſmaller than A N, it 


wy be taken on the ſide oppoſite to A N. 


. In fg. 25, where the point N is alſo placed 
8 A and O, if AP be greater than A N, 


it muſt be placed on A N prolonged. 


Now by problem 17 make M N in all the five 


figures a mean proportional between NO, NP, 


and carry this line from L to B, and from L to b. 


and NO will be: AB: oy Op NB 
NO S 


PROBTIEM 56. Two lines EF, GH, 'fig. 27, 
28, 29, plate 7, interſecting each other at A, bein 


given, to draw from C a third line BD, which ſhall 


form with the other two a triangle D A B ou 10 a 
* triangle X. 


From C draw CN parallel to EF. 


8 the triangle X into another C NO, whoſe | „ 


ſummit is at the point C. 3. Find on G Ha point 
B, ſo that NO: AB::AB:NB, and from this 
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point B, draw the line CB, and DAB ſhall be 
the required triangle. 
 Scholium. This problem may be va to retrench 
one rectilinear figure from another, by drawing 
a line from a given point. 

Thus, it from a point C, without or within the 
triangle EAH, fig. 30, a right line is required to 
be drawn, that ſhall cut off a part DAB, equal 


to the triangle X, fig. 30 ; it is evident this may 


be effected by the preceding problem. 
Tf it be required to draw a line BD froma 
point c, which ſhall cut off from the quadrilateral 


figure EFG H, a portion DFG B, fg. 31, equal 


to the triangle X; if you are ſure, that the right 
line BD will cut the two oppolite ſides E F, GH, 
prolong E F, GH, till they meet; then form a tri. 
angle Z, equal to the two triangles Z and FAG; 
and then take Z from AE H by a line BD from 
the point C, 1 is effected by the preceding 
problem. B 

If it be required to take from a colon Y, apart 
DFIHB equal to a triangle X; and that the 


line BD is to cut the two ſides E F, GH; ; prolong 


theſe ſides till they meet in A ; then make a tri- 
angle Z, equal to the triangle X, and the figure 
AFIH; and then retrench from the triangle 
EAG the triangle DAB equal to Z, by a line 
BD, from a given point C. 

As all rectilinear figures may be reduced to tri- 
angles, we may, by this problem, take one rec- 
tilinear figure from another by a, ſtrait line drawn 
trom a given point. 

ProBLEM 57. To make a triangle equal to any 
given quadrilateral figure A BCD, jig. 33, plate 7. 

1. Draw the diagonal BD. 2. Draw CE pa- 
rallel thereto, interſecting AD produced in E, 
* Join E C, and A C E is the required triangle. 

PROBLEM 


* 
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PROBLEM 58. To make a rectangle, or paral- 
lelogram, equal to a given triangle & by E, Fg. 3 3. 
late 7 
7 I. iſect the baſe AE in D. 2. Through C 
draw CB parallel ro AB. 3. Draw ED, BA, 
parallel to each other, and either perpendicular 
to CG, or making any angle with it. And the 


rectangle or parallelogram A BCP vill be equal 


to the given triangle. 


PROBLEM 59. To make a triangle equal 10 4 er 


circle, fig. 34, plate 7. 


Draw the radius OB, and tangent A B perpen 


dicular thereto ; make AB equal to three times 
the diameter of the circle, and 4 more; join AO, 
and the triangle AOB will be nearly equal the 
given circle. 


PROBLEM 60. Tz 0 ie a ſquare equal to a given. 


reckangle, ABCD, fig. 35, plate 7. 


Produce one fide IB, till BL be equal to the 


other BC. 2. Biſect AL in O. 3. With the 
diſtance AO, deſcribe the ſemicircle L FA. 4. Pro- 
duce BC to F. 5. On BF make the bee 
BFGH, which is equa] to the rectangle ABCD. 


ADDiTION AND SUBTRACTION OF SIMILAR | 


FreuRts. 


PROBLEM 61. To make a /quare a to the fun 
of any number of ſquares taken together, e. gr. equal to 
three given ſquares, whoſe fides are equal to the 
lines ABC, g. 36, plate 7. 

1. Draw the indefinite lines ED, DF, at right 
angles to each other. 2. Make D 6 eq ual to A, 
and DH equal to B. 3. Join G and H, yo” GH 
will be the fide of a ſquare, equal the two ſquares 
whoſe ſides are A and B. 4. Make DL equal GH, 
DK equal C, and join KL; then will KL be the 
ſide af a ſquare equal the three given ſquares. Or, 


after 
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| > after the ſame manner may a ſquare be conſtructed 
| equal any number of given ſquares. 

| 2 PROBLEM 62. To deſcribe a figure equal to the ſum 
| 

| 

| 

| 

| 


— 
ä 
+ - 


of any given number of ſimilar figures, fig. 36, plate 7. 
This problem is ſimilar to the foregoing: 1. Form 


a right angle. 2, Set off thereon two homologous 
ſides of the given figures, as from D to'G, and from 
Dto H. 3. Draw GH, and thereon deſcribe a 
figure ſimilar to one of the given ones, and it will 
be equal to their ſum, In the fame manner you 
may go on, adding a greater number of ſimilar 
figures together, 

It the ſimilar figures be circles, take the radii 
q) or diameters for the homologous lines. 

PROBLEM 63. To make a /quare equal 10 the dif- 
ference 4 {wo given ſquares, whoſe ſides are A B, C D, 
hg. 37, Plate 7. 

r. On one end B of the ſhorteſt line, raiſe a per- 
pendicular BF. 2. With the extent CD from A, 
cut BF in F, and BF will be the fide of the re- 
quired ſquare. 

In the ſame manner the 8 between any 
two ſimilar figures may be found. 

PROBLEM 64. To make a figure which Hall te 

| ſimilar to, and contain a given figure, a certain num- 
ber of times. Let MN be an homologous fide of 
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"1 the given figure, fig. 38, plate 7. 

a 1. Draw the indefinite line BZ. ' 2. At any 
al po oint D, raiſe D A perpendicular to BZ. 3. Make 
# „ ual to M N, and B C as many times a mul- 


tiple o BD, as the required figure is to be of the 
given one. 4. Biſect BC, and deſcribe the ſemi- 
Circle B A c. 5. Draw A C, BC. 6. MakeAE 
i" equal MN. 7. Draw EF parallel to BC, and 
| E F will be the bh fide of the required 

| figure. 
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 ProBLEM 65. To reduce a complex figure from one 
ſcale to another, mechanically, by means of" ſquares. 
1. Divide the given figure by croſs lines into as 


many ſquares as may be thought neceſſary. 2. Di- 


vide another paper into the ſame number of ſquares, 
either greater, equal, or leſs, as required. 3. Draw 
in every ſquare what is contained in the corre- 
ſpondent ſquare of the given figure, and you will 
obtain a copy tolerably exact; ſee fig. 39, plate 7. 


 ProBLEM 66. To enlarge a map or plan, and male 


it twice, or 3, 4, 5, Sc. times larger than the original, 
fig. 12, plate 8. 90 ES * 
1. Draw the indefinite line ab. 2. Raiſe a 
perpendicular at a. 3. Divide the original plan 
into ſquares by the preceding problem. 4. Take 
the ſide of one of the ſquares, which ſet off from 
a to d, and on the perpendicular from a to e, finiſh 
the ſquare aef d, which is equal to one of the 
ſquares of the propoſed plan. 5. Take the diago- 
nal de, ſet it off from a to g, and from a to]; 
complete the ſquare alng, and it will be double 
the ſquare a ef d. To find one three times greater, 
take dg, and with that extent form the ſquare 


a moh, which will be the ſquare required. With 


dh you may form a ſquare that will contain the 
given one ae fd four times. The lined 1 gives a 
ſquare five times larger than the original ſquare. 
PROBLEM 67. To reduce a map , Id, ith, 3th, &c. 
of the original, fig. 5, plate 8. e 

1. Divide the given plan into ſquares by pro- 
blem 65. 2. Draw a line, on which ſet off from 


A to B one ſide of one of theſe ſquares. 3. Divide 


this line into two equal parts at F, and on F as a 
center with FA or FB, deſeribe the ſemicircle 
AHB. | To 


4. To obtain the given ſquare, at F erect the 


perpendicular F H, and draw the right line A H. 
. which 
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which will be the fide. of the W won ſquare, 
5. For 4d divide AB into three parts; take one 
ef theſe parts, ſet it off from A to Es C raiſe the 

erpendicular CI, through I dray A I, ang it will 
92 the fide of the required ſquare, 6. For 1 divide 

1 into four equal parts, ſet off one of theſe from 

B to E, at E make E G perpendicular to A B, join 
B G, and it will, be the ſide af a ſquare 4th of the 
giyen ORE. 65 4 

Pari 68. To 0 make 4 map or 7 play i in proportion 
170 a gixen one, e. gr. as 3 Io 5, 2 6, plate 8. 

The original plan being divide into ſquares, 
1. Draw AM equal to 4 fide of one of theſe 
ſquares. | 2, Divide AM into five equal parts, 
3. At the third diviſion raiſe the perpendicular CD. 
and draw A _ Which will be the tide. of. the re- 
quired ſquare,. 

PROBLEM 69. Ta nadie figures. by the angle of 
redutlion. Let ab be the given fide on v hich it is 
required to conſtruct a figure ſimilar o ACP E, 
fip. 1, 2, 3. plate 8. 444] 

1. Form an angle LM N at bc 27 and ſer off 
the fide AB from M to I. 2. From J, with ab, 
cut MN in K. 3. Draw the line I ” and 
ſeveral lines parallel wo, and on. both. des of it. 
The angle LMN is called the angle of proportion 
or . 4. Draw the diagonal lines AC, AP, 


AE, BD. 5. Take the diſtance BC, and ſet it 
off from M towards Lon ML. 6. Meaſure it's 


correſponding line CK. 7. From b deſcribe the 
arc no. 8. Now take AC, ſet it off on M L, and 
find it's correſpondent line fg. 9. From a, with 
the radius fg, cut the former arc no in c, and thus 
proceed till yqu have completed the figure. 

' PROBLEM 70. To enlarge a figure by the angle of 
reduclion. Let a be de be the given figure, and A B the 


1. Form, 
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1. Form! as in the preceding problem, the an- 
gle LMN, by ſetting: off ab from M to H, and 
from H with AB, eckting M Nin I. 2. Draw 
HI, and parallels: to, and on both ſides of it. 
3. Take the diagonal be, ſet it off from M towards 
L, and take off it's correfponding! line qt. 4. With 
qr as a radius, on B deſeribe the are mn. 53. Take 
the ſame correſpondent line to ac, and on A cut 
mu inc, and ſo on For the Feder ſides: | * er Ro 


f 3 
"4 Es 7 "45 '? 
Fi. 237 y& v7: 3 $ 4 


cuxrous Prost, ox THE Dune or Les | 
AND Fang 


Prarie 71. To cul off om any g oem ch 
circle a third, 4 fifth, a ſeventh, &c. wy parts, Ay 
thence to divide that arch in any ang of equal 
Parts, fo. 7. Plate 8. ; 
Example 1. To divide' the arch AKB inro 
3 equal parts, CA being the radius, and C the 
center of the arch. this 
Biſect AB in K, draw the two radii TI <a 
and the chord AB; produce AB at pleaſure, and 
make BL equal AB; biſect AC ar G; then a 
rule on Gand L will cur CB in E, and BE will 
be 3d; and CE 4s of the radius CB; on CB with 
CE deſcribe the arc Eed: laſtly, ſet off the extent 
Ee or De from B to a, and from a to b, and the 
arc AK B will be divided into three equal 71 
Corollary. Hence having a ſextant, quadrant, &. 
accurately divided, + the chord of any arc ſet vr 
upon any other arc of 2, that radius will cut off an 
arc ſimilar to the firſt, and canin the time 
number of degrees. '» 
Alſo 49, ich, Ith, &c. of a larger chord, will 
conſtantly cut ſimilar ares on a circle whoſe radius 
is 3th 4th, 43th, &c. of the radius of the firſt arch. 
2. Let it de required to divide the arc A KB into 
' equal parts, or to find the 3th part of the arc AB. 


Having 
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Having biſeQed the given arc AB in K, and 
drawn the three radii Ty CK, CB, and having 
found the 5th part of I B, of the radius CB, with 

radius CI deſcribe the arc In M, which will be 
biſected inn, by the line CK; then take the extent 
In, or it's equal M n, and ſer it off twice from 
A to B, that is, firſt,. from A to d, and from d to 
o, and o B will be one fifth of the arc A B. Again, 
ſet off the ſame extent from B to m, and from m 
to c, and the arch AB will be accurately divided 

into five equal parts. | 

- To divide the given arc A B into ſeven equal 
parts. AB being biſected as before, and the radii 
CA, CK, CB drawn, find by problem g, the 
ſeventh part of PB, of the radius C B, and with 
the radius CP deſcribe the arc Pr N; chen ſet off 
the extent Pr twice from A to 3, and from 3 to 
6, and 6B will be the 7th part of the given arc 
AB; the compaſſes being kept to the ſame opening 
Pr, ſet it from B to 4, from 4 to 1; then the ex- 
tent A 1 will biſe& 1, 3 into 2, and 4,0 into 5, 
and thus divide the given arch into 7 equal parts. 
PROBLEM 72. To znſcribe a ma heptagon in a 
circle, fig. 8, plate 8. 
In fig. 8, let the arch B D be one eighth part of 
the given circle, and A B the radius of the circle. 
Divide AB into 8 equal parts, then on center A, 
with radius A C, deſcribe the arc CE, biſect the 
arcBDina, and ſet off this arc Ba from C to b, 
and from b to c; then through A and c, draw Ace 
cutting BD in e, and Be will be 4th part of the 
given circle. 
Corollary 1. Hence we have a method of find- 
Ing the th part of any given angle ; for, if from 
the extremities of the given arch, radii be drawn 
to the center, and one of theſe be divided into 8 
equal 
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equal parts, and ſeven of theſe parts be taken, and 
another arch deſcribed therewith, the greater arch 


vill be to the Na as 8 to 7 and lo of any other 


rtion. 
"Grollary . If an arch be deſcribed with the 
radius, it will be equal to the £ part of a circle 
whoſe radius is AB, and to the ſeventh. part of a 


circle whoſe radius is A C, and to the 41 2 1951 of | 


a circle whoſe radius is A L, &c. i 

Corollary 3. Hence alſo; a pentagyn may be 
derived from a hexagon. Let the given circle be, 
fig- 9, plate 8, ABC PE F, in which a pentagon 
is to be inſcribed; with the radius A C ſet off AF 
equal ith of the circle, divide AC into 6 equal 
parts; then c G will be 5 of cheſe parts; with radius 


CG deſcribe the arc G H, biſect A F in q, and 


make GP and PI each equal to Aq; then 
through C and H draw. the ſemi- diameter Cw, 
cutting the given, circle, in w, join Aw, and it 
vill be one fide of the required pentagon. 


Corollary 4. Hence as radius divides a cirele 
into 6 equal parts, each equal 60 degrees, twice 


radius gives 120 degree or the thir pan * the 
circumference. 

Once radius gives 60 1 and that arc - bi- 
ſected gives 30 degrees, which added to 60, divides 
the circumference into 4 equal parts; whence we 
divide it into 2, 3, 4, 5, 6 equal parts; the preceding 
corollary divides into 5 equal parts, the arch of a 
8 biſected, divides it into 8 equal parts. 
By problem 71, we obtain the cn part of a circle, 
and by this method divide it into any num- 
ber of equal parts, even a prime number; for the 
odd unit may be cut off by the preceding problem. 


biſection 


* 


. 


and the reraaining peg | be ſubdivided by continual _ 


% 
F 
6 
7 
5 
: 
q 
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biſection till another prime number ariſes to be 
cut off in the ſame manner. e 
PROBLEM 73. To divide a given right line, or an 
arch of a circle into any number of equal parts, by the 
belp M a pair of beam or other compaſſes, the diſtance of 
whoſe points ſhall not be nearer to each other than the 
given line. AAP” 

From this problem, publiſhed by Clavius the 
Jeſuit, in 1611, in a treatiſe on the conſtruction 
of a dialling inſtrument, it is clear, that he was the 
original inventor of that ſpecies of diviſion called 
nonius, and which many moderns have, with an 
affectation of learning, called vernier. 
Let AB, fg.11, plate 8, be the given line or 


circular arch, to be divided into a number of equal 


parts. Produce them at pleaſure. Then take the 

extent A B, and ſet it off on the prolonged line, as 
many times as the given line is to be divided 
into ſmaller parts, BC, CD, EF, FG. Then 
divide the whole line A G into as many equal parts 
as are Tequired in A B, as GH, HI, IK, KL, LA, 
each of which contains the given line, and one of 
thoſe parts into which the given line is to be divi- 
ded. For A G is to AL, as AF to A; in other 
words, AL is contained five times in AG, as 
A Bin A F; therefore, ſince A G contains A F, and 
2 of A F, A Lwill contain A B, and of AB; there- 
fore, BL is the +of AB, Then as G H contains 
AB plus, FH which is of AB, EI, will be 2 of 
AB, DK z, CL. Therefore, if we fer off the 
interval G H from F and H, we obtain two parts 
at Land I, ſet off from the points near E, gives 
three parts between D K, from the four points at 
D and K, gives 4 parts at C L, and the next ſet- 
ting off one more of theſe parts; ſo that laſtly, the 
| | | extent 


” 


— 2. 


= L Kr = A A 


> 4 CG © 


G T = * © Aa . 


— 
* 


yet ſo that they may ** make u by the whole 
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extent G H ſet off from the points between C and 

L, divides the given line as required. 
To divide a given line AC, or arch of any wire: £7 

into any number of e 20 kappt 30, K. | 

Il, plate 8. 

1. Divide it into any number of equal parts leſs 


than 3o, yet ſo that they may be aliquot parts of 30; 


as for example, A'G is divided into 6 equal parts, 


AB, BC, CD, DE, E F, F G, each of which are tobe 


ſubdivided into 5 equal parts. 2. Divide the firſt 655 


A into 5 parts, by means of the interval A 

6H, as taught in this problem. If now he 
| foot of the compaſſes be put into the point A, (the 
extent A L remaining between them unaltered,) 


and then into the point next to A, and ſo on 


| the next ſucceeding point, the whole line A. 


will be divided-by the other foot of the complies " 


| into thirty equal parts. 


Or it the right line or arch be firſt divided into 


five equal parts, each of theſe muſt be ſubdivided 
| into 6 parts, which may be effected by biſeting 
| each py and then en the N into 3 


pag! 445 #7 
Or it may be till better to biſect 3 of he firſt 
95 parts, and then to divide 4 of theſe into 3, 


which being ſet off from every point, Ill FORE 3 | 


the diviſion required. 
+ COROLLARY, LU frequently happens that fo many 


| ſmall diviſions are required, that notwithRlanding their 


limited number, they can be hardly taken between the = 
points. of the compaſſes without error. In this rler 
uſe the following method. . 
If the whole number of ſmaller parts can de 
ſubdivided, take ſo many of the ſmall parts in 
the given line, as cach 1s to be ſubdivided into, 


of 


7 


—ä —— — — 
— — SIR ms — —u— 
* * 
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of the given line. For if the firſt of theſe parts be 
cut into as many fmaller parts as the Propoſed 


number requires every one of them to contain, and 


the ſame is alſo done in the remaining parts, we 
ſhall obtain the given number of ſmaller parts, 

If 84 parts are to be taken in the propoſed line, 
firſt bite it, and each half will contain 42; biſe& 
thefe again, and you have 4 parts, each of which 
are to contain 21; and theſe divided into 3, give 


12 parts, each of which are to contain 7 parts; ſub- 


divide theſe into 7 each. 


But if the propoſed number of ſmall parts can- 


not be thus ſubdivided, it will be neceſſary to take 
a number a little leſs. or greater, that will be capa- 
ble of ſubdiviſion ; for if the ſuperfluous parts are 
rejected, or thoſe wanting, added, we ſhall obtain 
the propoſed number of. parts. Thus if 74 parts 


are to be cut from any given line of 80 parts. 1. 


Biſect the given line, and each x will contain 40. 
2. Biſect theſe again, and you have 4 parts to con- 
tain 20 each. 3. Each of theſe Died ou have 
8 parts to contain 10 each. 4. Biſect . and 
you obtain 16 parts, each to be divided into 5 


parts. 6. Reject 6 of the parts, and the remain- 


Jer! is the 74 parts propoſed. 
Or if 72 parts be propoſed, divide the line into 


24 equal parts, and each of theſe into 3 parts, and 


you obtain 72; to which adding two, you will ob- 
tain the number of 74. 

- PROBLEM 74. 7 o cut off from the carcnnfirence of 
any given arch of a circle, any number of degrees and 
minutes. 

1. Let it be propoſed to cut off from any arc 57 
degrees; with the radius of the given arc or circle 
deſcribe a ſeparate arch as A B, fg. 3, plate 9, 


nd Rm ſet off the radius from. At to C, * 


ESSAYS ON GEOMETRY, Kc. 99 
A C in E, then A E and E C will be each of them 


an arc of 30 degrees. Make CB equal to AE, 
and AB will be a quadrant or go degrees, and will 
alſo be divided i 
each of theſe into Jt 


to 3 equal parts; next divide 
by the preceding rules, and the 
quadrant will be divided into 9 equal parts, each 
containing 10 degrees. Laſtly, divide the firſt of 
theſe into 10 degrees, then ſet one foot of the com- 
paſſes into the 5th ſingle degree, and extend the 


other to the goth, and the diſtance between the 


points of the compaſſes will contain 57 degrees, 
which transfer to the given arc. Or at two opera- 
tions, firſt take 50 degrees, and then from the firſt 
10 take 7, and you have ) degrees. 
2. Let it be required to cut off from any given 
arc of a circle, 45 degrees, 53 minutes. 
Divide the arc of 53 degrees of the quadrant AB, 
fig. 3, plate 9, whoſe radius is AC (or rather it's 
equal arc FG) into 60 equal parts, firſt into 5, and 
then one of theſe into 3; or firſt into 3,,and one 
of theſe into 5. Again, one of theſe biſected, and 
this biſection again biſected, gives the both part of 
it are of 52 degrees} ff 77015 4 gohls ent | 
For the ʒth part of the arc FG is F H, contain- 
ing 12 parts; it's third part is FI, containing 4 
parts; the zof FI is N, which contains 2 parts; and 
N again biſected in K, leaves F che Goth part of the 
arc FG; conſequently F K comprehends 5 mi- 
nutes ; therefore, add the are FK to 45 degrees, 
and the are AF will contain 49 57. EST 
Corollary. If we deſcribe a ſeparate arch LM 
with the radius AC, and ſet off thereon the extent 


LM of 61 degrees of the given arch A B, and di- 


vide L M into 60 equal parts; thus, firſt into 2, 
then both of theſe into 3, and then the firſtof theſe : 
into 10 by the former rules, which gives the 6oth 
5 H 2 | part 
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part of che arc LM. And as one diviſion of the 
arc LM contains by conſtruction one degree of the 
quadrant AB, and one ſixtieth part of a degree 

more, that is, one minute; therefore, two divi. 
ſions of LM contain two degrees, and two minutes 
over; 3 diviſions exceed three degrees by three 
minutes, and ſo of all the reſt. a 

| Whence if one diviſion of LM be ſet off from 
any degree on A B, it will add one minute to that 
degree, 2 adds two minutes, 3 three minutes, and 
ſo ons: 35 7 Nn. 

When the diviſion is ſo ſmall chat the compaſſes 
will hardly take it in without error, take two, 
three, four, or more of the parts on L, ſet them of 
from as many degrees back from the degree inten- 
ded, and you will obtain ve degree and! minute 
required. | 
\ PROBLEM) 75. To 0 Avid 4 "Gircle int any uneven 
number of equal paris. pry * 

Example 1. Let it he required to divide: a circle 

into 3463 equal parts. 

Reduce the whole into 10 7 parts, Sich ofves us 
1040 ; find the greateſt multiple of 3 leſs than 1040, 
which may be biſected; this number will be found 
in a. double geometrical progreſſion, whoſe firſt 
term is 3, as in the margin ; 768 the ninth number, 
is the number ſought, as in the margin. Subtract 
768 from logo, the remainder is 272, then - 3[2 
Find how many degrees and minutes this. 6 

| remainder contains by the rule of three. 12 
Y As 1040 is to 360 „ ſo is 272 to 24 
| 949“ 23“. Now ſet off 94? 9' 23” upon 48 

the circle to be divided; and divide the -96 
3 remaining part of that circle by continual 192 
| biſections, till you come to the number 3, 384 


which will be ong of the required diviſions 768 
0 


* 


0; 
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of the 346 equal parts, by which dividing the arc 
of 949 23“ you will have the whole circle divi- 
ded into 3463 equal parts; for there will be 2 56 
diviſions in the greateſt arc, and 94 in the other. 
Example 2. Let it be required to divide a circle 
into 179 equal parts, Find the greateſt number not 
exceeding 199, Which may be continually biſedted 
to unity, which you will find to be 128. Subtract 
128 from 179, the remainder is 51 ; then find what 
part of the circle this remainder will occupy b 
the following proportion, as 179 is to 360, ſo is 
51 to 1029 344 11”; ſet off from the cirele an arc of 
102 34/ 11”, and divide the remaining part of the * 
circle by continual biſections, ſeven of which will 
be unity in this example ; by which means this part 
of the circle will be divided into 128 equal Pore, 
and the remaining 51 may be obtained, by uſin | 
many of the former biſections as the ſpace will + ary 
tain, ſo that the whole circumference will be divi- | 
ded into 179 equal parts. 

Example 5. Let it be required to divide a circle 
into 294 equal parts, to repreſent the days of the 
moon's age. 

Redyce the given number into Wa hh 
gives 59 parts; ſeek the greateſt number, not ex- 
ceeding 59, which may be continually biſected tg 
unity, which you will find ta be 32. Subtract this 
from 59, the.remainder is 27; and find, as before, 
the angle equal to the remainder by this propor- 
tion, as 59 is 12 360, ſo is 27 to 164 44 44"; ſet 
off 164 4444“, divide the remaining part of the 
circle by e, biſections, which will divide 
this portion into 32 parts, and from that, the reſt 
into 271 equal parts. 

ee 4. Let it be Wei to dividea ele 
H 3 1 nl 
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into 365® 5 49“ equal parts, the length of a tropi- 
cal year, | . OP OP 

Reduce- the whole into minutes, which will be 
525949 then ſeek the greateſt multiple of 1440, 
the minutes in a ſolar day, that may be halved, and 
is at the ſame time leſs than 525949; this you will 
find to be 368640, which ſubtracted from 525949, 
leaves 157309. To find the number of degrees 
that is to contain this number, uſe the following 
proportion; as 525949 is to 157309, multiplied 
by 360, ſo is 157309 to 10% 40 27 49”. 
Now ſet off an angle of 10% 40 27“ 49” 
upon the circle to be divided, and divide the re- 
maining part of that circle by continual biſections, 
till you come to the number 1440, which in this 
caſe is unity, or one natural ſolar day; by which, 
dividing the arc of 10% 40 27" 49“, the whole 
circle will be divided into 3655 5 49“; for there 
will be 256 diviſions or days in the greater arc, and 
109 5; 49” in the leſſer arc. | 

Example 5. Let it be required to divide a circle 
into 365 equal parts, which is the quantity of a 
Julian year. 

Reduce the whole into four parts, which gives 


us 1461 ; 1024 is the greateſt multiple of 2, leſs than 


1461; when ſubtracted from 1461, we have fora 
remainder 437. Then by the following propor- 
tion, as 1461 is to 437 X 360, ſo is 407 to 10% 
40' 46'' 49/', the degrees to be occupied by this re- 
mainder, | | | 
Set off an angle of 1079 40' 47" upon the circle 
to be divided, and divide the remainder by con- 
tinual biſections, until you arrive at unity, by which 
dividing the arc, you will have the whole circle 
divided in 3653 parts. | 
be „„ 8 PROBLEM 
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wh eee 76. To divide a quadrant or circle into 

| degre — : 
1. AB, Ag. 10, plate 8. be the undead; Cthe 
center thereof. With the radius A C defcribe the 
two arcs AD, BE, and the quadrant will be divided 
into three equal parts, each equal to 30 degrees; 
then divide each of theſe into 5; parts, by the pre- 
ceding rules, and the quadrant is divided into 15 
equal parts; biſect theſe parts, and then ſubdivide 
as already directed, and the quadrant will be di- 
vided into o degrees. Other Oe will be ſooa 
explained more at large. 

ROBLEM "77. To find That por any ſmaller line 
or arch is of a nn, as for example, any angle is of 
a ſemicircle. 

Take the ſmaller with a pair of compaſſes, and 
with this opening ſtep the greater. With the re- 
mainder or ſurplus, ſtep one of the former ſteps ; 
| with the remainder. of this, ſtep one of the laſt 
ſteps, ſetting down the number of ſteps each time. 
About five times will meaſure angles to 5 ſeconds. 
| Then to find the fraction, expreſſing what pur 

of the whole the ſmaller part is, 


—_— the number of ſteps each time to be 
e. d. c. b. a. 5 
9. J. 8, 2. 6. Then 5 X 2-+1 =11, card 11 X 
3 ＋ 5 =93, and 93 * 7 + 11 = 662, and 662 
X9 eee ; ſo that r is the fraction re- 
quire 

If we call the number of ſteps a b c d e begin- 
ning at the laſt, the rule may run thus: multiply a 
by b, and add ; multiply that ſum by c, and 
adda.; multiply this ſum by d, and add the pre- 
ceding ſum; multiply this ſum by e, and add the 
preceding ſum: then the two laſt ſums are the 
terms of the fraction. | 


H4 Example 


\ 


— 
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Example 1. Suppoſe the ſteps are 3. 5. 1.9. then 
9 XI. T1 = 10, 10 K 5 9 ==-$9, and 59 N 
3+10== 187; hence the terms are . Now 


180 N 59 = 10620, this divided by 18 gives 


56, with a remainder of 148, 148 X 60 == 8880, 
, gives 47, &c. {0 that the meaſure required 
is S ee e e ee oy e 

Example 3. Take a ſemicircle 3 inches radius, 
and let the angle be 2 in 1. Then the ſteps will 
be 4. 2. 1. 2. 3. 2. the anſwer 41% 10” 507 9g 


p 


The. whole circle — and ſtepped with | 


by ſcales, or even tables of fines, tangents, &c. 
becauſe the meaſure of a chord cannot be ſo nicely 
determined by the eye, with extreme exactneſs. - 
There may be ſome apparent difficulty attending 
the rule when put in practice, it being impoſſible 
to aſſign any example, which another perſon can 
repeat with perfect accuracy, on account of the ine- 
quality in the ſcales, by which the ſame: ſteps or 
line will be meaſured by different perſons, There 
will, theretore, be always ſome ſmall variation in 
| on anſwer ; it is, however, demonſtrably-true, that 
the anſwer given by the problem is moſt accurately 


the meaſure of the given angle, although you can 
never delineate another angle or line exactly equal 
W 10 
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4 


to the given one, firſt meaſured by way of [2 
ample, and this ariſing from the inequality of our 
various ſcales, our inattention in meaſuring, and 
the imperfection of our eyes. Hence, though to all 
appearance two angles may appear perfectly equal 
to each other, this method will give the true 
meaſure of each, and aſſign the mipuraſt difference 
between them. 8 
Figure 1, plate 9, will illuſtrate clearly this 
method ; thus to meaſure the angle A CB, take 
AB between your compaſſes, and ſtep B a, ab, 
bc, there will be c Dover. | 
Take c D, and with it ſtep A e, ef, _ you 
will have fb over; with this opening ſtep Ag. 
p h, and you will have he over, and ſo on. 
PROBLEM 78. To divide a large quadrant or cir- 
dec | 
We ſhall here give the principal methods uſed | 
by inftrument-makers, before the publication of 
Mr Bird's method by the Board of Longitude, 
leaving it to artiſts to Fs of their reſpective me- 
rits, and to uſe them ſeparately, or combine them 
together, as occaſion may require; avoiding a mi- 
nute detail of particulars, as that will be found 
"when we come to deſcribe Mr. Bird's method. 
It will be neceſſary, however, previouſly to men- 
tion a few circumſtances, which, though in com- 
mon uſe, had not been deſcribed until Mr. Bird's 
and Mr. Ludlam's comment thereon were pub- 
liſned. 
& In all mathematical - inſtruments divided by 
hand, and not by an engine or pattern, the circles 
or lines which bound the diviſions, are not thoſe. 
Which are actually divided by the compaſles,” * 
Fe A faint circle is drawn very near the W . 
| | circle ; 


circle; it is this that is originally divided. It has 
deen termed the primitive circle.” 
„The diviſions made upon this circle are fan 
arches, ſtruck with the beam compaſſes; fine 
points or conical holes are made by the prick 
Punch or pointing tool, at the points where theſe 
arches croſs the primitive circle ; theſe are called 
original poinis. 
„The viſible diviſſons are irandferred from the 
original points to the ſpace between the bounding 
circles, and are cut by the beam compaſſes; they 
are therefore always arches of a circle, though ſa 
ſhort, as not to be diſtinguiſhed from ſtrait lines.” 
Method 1. The faint or primitive arch is firſt 
ſtruck; the exact meaſure of the radius thereof i is 
then obtained upon a ſtandard ſcale with a nonius 
diviſion of 1000 parts of an inch, which if the ra- 
dius exceeds 10 inches, may be obtained to five 
places of figures. This meaſure. is the chord of 
60. The other chords neceſſary to be laid off are 
computed by the ſubjoined proportion,* and-then 
taken off from the ſtandard kale to be laid down 
on the quadrant. 

Set off the chord of 609, then add to it the chord 
of zo, and you obtain the goth degree. 
Mr. Bird, to obtain 9, biſects the chord of 609, 
and then ſets off the ſame chord from 30 to go?, 
and not of 30 from 609 to 909. Some of the advanta- 
ges that ariſe fromthis method are theſe; for whether 

the chord of 30 be taken accurately or not from 
the ſcale of equal parts, yet the arch of 60 will be 
truly biſected, (ſee remarks on biſection hereafter) ; 
and if the radius unaltered be ſet off from the point 
of biſection, it will "ove gotrue; Lakai if the chord 30, 


ud 
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As radius to the given angle, fo is the meaſureof radius 
to half the required chord. 


* th 
Ay 
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as taken from the ſcale, be laid off from 60 to go, 
then an error in that chord will 2 an eu 
error in the place of 9g. 


60 is divided into 3 parts, * ſetting off the } 


| computed chord of 20 degrees, and the whole quad 
rant is divided to every 10 degrees, by. ng oft 
the ſame extent from the other points. 

* biſected by the computed chord of 1 s, gives 
13%, which ſtepped from the points already found. 
| divides the quadrant to every fifth 

The computed chord of 6% being laid off, divides 
zo degrees into five parts; and ſet off from the 
| other diviſions, ſubdivides the quadrans i into angle 


ES. 
5 with five extents of the beam compaſſes, po 
| and none of them leſs then 6 degrees, the quadrant 
is divided into go degrees 
157 biſected, gives 7* 30 which ſet off from 
the other diviſions divides the 8 — into half 5 


_ # 


Abe chord of 6* 4 3 20% into 3 4 
and ſet off from the red of the diviſions, divides 
the whole inſtrument to every ten minute. 

The chord of 109 5 divides the degrees inte 
12 parts, each equal to 5 minutes of a degree. _ 

Method 2. The chords are here ſuppoſed to be 
ee as before, and taken off from the non ius 
cale 

1. Radius piſected. divides the quadrant i into 3 
parts, each equal to 30 degrees. 

2. The chord of 10, gives 9 parts, cach 1 
to 10 degrees. 

3. 305 biſected and ſet off, gives 13 parts, cach 
equal to 5 degrees, 

4. 30“ into 5, hy the chord of 69; then ſet off 
2 before, gives 90 * each equal to 1 __ p 

$5. The 


= 
* 
” . * 
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8. The chord of 62 40" de 270 parts, each 
to 20 minutes. | 
6. The chord of A 30 gives 549 parts, each 
al to 10 minute. 
7. The chord of eh 45 gives 1080 parts, exc 
equal to 5 minutes. 

Or, 3d, che computed chords fppoſed, 7 


1. v 60 mo; 4. gives 4 Nane equal zo⸗ 
2. 304 4 equal 15 l . {9H tant, 2g 
Wo "IS | — a equal 5 ; #85 124: 1 5 
4. 20 85 equal 65 1 e 0h 12.9 
5. 20 3 equal 6 40' — Mee oi Laff | 
. 5 $111 0qual 7 0, ee 
7. 15 30 + equal 7 45 _ ig; 50 


Thus may the practitioner vary his We. 
for any diviſion whatſoever, and yet preſerve a 
ſufficient extent between the Pane of beg on 


If — hn Sir be divided as above to every 15 
e and then the computed arch of 16 de- 
grees ſet off, this arch may be divided by conti- 


nual biſection into ſingle degrees. If from the arch 


of 45, 2 20 be taken, or 1010 from 22 30, we 
may obtain every 5th minute by continual bi- 


ſection. If to the arch of 7% 10 be added the 


arch of 62 minutes, the arch of every ſingle minute 
may be had by biſection. | 


Or Mz. Bird's Mrhop or Diviofvg. 
Hg. 2, Plate 3 


In 1767, the Commiſſioners of Longitude pro- 


poſed an handſome reward to Mr. Bird, on condi» 


rion, among other things, that he. ſhould publiſh an 
account of his method of dividing aſtronomical in- 
ſtruments; which was accordingly done; and a 
vl deſcribing his method of PO, was Writ 

6 ten 


publiſhed in 178). ö 
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in by kiuäz asd poblidted by order og the Can 


miſſioners of Longitude in the ſame year; ſome 
defects in this publication were 8 by the 
Rev. Mr. Ludlam, one of the- g who at- 
tended Mr. Bird, to be inſtructed by him in his 
method of dividing, in rer. of the Board's 
agreement with him. Mr. Ludlam's tract was 


- ſhall uſe my eee 3 chi . 
fil clearer to the practitioner, by e _ 
I Shy: of TONE temetsy off HaF'Y 


Fy * "Tf n 


Ma. Bind. 8 Vieren. | 3 0 | 00 


1 


7 8 One of th me firſt requiſites/i is a ſrale of inches, | 
each inch being ſubdivided;into) 10 equal parts. 
2. Contiguous to this line of inches, there mu 


be a nonius, in which 10.1 inches is divided into 
100 equal parts, thus ſhewing the thouſandth part 


of an inch. By the — of a magnifyibg glaſs 
_— inch. Ws, the 3 | dh part man r 
48 3 10 ine ee 

3. Six beam ad ob bees are n — . 
with magnifying glaſſes of not more than one inch 
focus. | The longeſt beam is to meaſure the radius 
or chord of 60; the ſecond;for the chord of 42.40 
the third for the chord of 30 the ꝗth ſor 194204" 
the 5th for 4-403 the bth for, the chord of 15 de: 
Nrn. | 5 56 iti MOHD 14422450 

4. Com pute the 8 by the rules given, and 
take their —4.— length from anten in the 
different beam compaſſes. 144 16 li. 

5. Let theſe operations 8 performed. in the. 
evening, and let the ſcale and the differen | 
compaſſes be laid upon the inſtrument 40 2 d. 
vided, and remain there till the next morn 


bY 
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6. The next morning, before die examine 
the compaſſes by the ſcale, and rectify them, if 
- are either lengthened or ſhortened "Oy any 
chengeinehietomperarute of the at 

- The: quadrant and ſcale being of the ſame 
denpessenes deſcribe the faint arc bd, or primi- 
tive circle; then with the compaſſes that are ſet to 
the radius, and with a fine prick punch, make 
point at a, which is to be the 0 PURE of the qua- 
drant ; ſee fig. 2, plate 9g. 

8. With he ſame beam rodpyh nee lay 
off from a to e the chord of bo?, making a fine 

int at e. 8 

. BiſeR the arc ae with the cho of 30“. 
10. Then from the point c, with the beam com- 
8 — 6o, mark the — 1. which i 


rees. 4 * 4 * — 


17. Next, * che beam competie containing 
13e biſect the arc er inn, which gives 750 
12. Lay off from n towards r, the e ord of 
10% 20 and from r towards n the chord of 4 400 
bee two ought to meet udn at the poine 8 of 
Wk es e 
13. Now as in large inſtruments a degree is 
3 ſubdivided into 12 equal parts of 5 mi- 
nutes each, we ſhall find that 85 20% contains 
10.24 ſuch parts, becauſe 20“ equal 4 of theſe 
parts, and 8512 makes 1020; now 1024 is 4 
number diviſible by continual biſection. 
The laſt computed chord was 42 400, with 
which ag was biſected in o, and ao; og, were 
biſected by trials. Though Mr. Bird ſeems to have 
uſed this method himſelf, ill he thinks it more 
adviſeable t take the computed chord of 21“ 200% 
and by it find the point g: then proceed by con- 
e till you have 1024 — Thus the 
2 arc 
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are 85 20%, by ten biſections, will give us the ares 
2 40, 21 80%, 109 40, 355 20's, 340%: KP! 20, 
100, 20, 100, 5 

14. 10 fill up che ſpace between g and r,8 5 205 
and 90e, which is 4 40, or 4X 12+8 equal to 56 
diviſions; the chord of 64 diviſions was laid off 
from g towards d, and divided like the reſt by 
continual biſections, as was alſo from a towards b. 


If the work is well performed, you will again find 


the points 30, 45, 60, 75, and go, without any 
ſenſible difference. It is evident that theſe arcs, as 
well as thoſe of 150 <6: multiples of the arc 
of 5; for one degree contains 12 arcs of 5 each, 
of which 159 contains 1803 the arg of 30 contains 
360; the arc of 69% 720; that of 755 900. and 
therefore 90 contains 1080. 

Mr. Graham, in 4/725, applied to the quadrant 
divided into 90?, or rather into 1080 parts of 3 
minutes each, another quadrant, which he divided 
into go equal parts, ſubdividing each of theſe i into 
6 equal parts, forming in all 1536. This arc is a 
fevere check upon the 4 = the other ; but 
Bird ſays, that if his inflructions be ſtrictly followed, 
the coincidence; between them will be ſurpriſing, 
and their difference from the truth exceeding ſmall. 

The arch of 96 is to be divided firſt into 3 equal 
parts, in the ſame manner as the arc of go; each 
third contains 5312 diviſions, which number is 
divifible continually. by 2, and gives 16 in each 


9bth part of the whole. 


The next fiep is to cut the 1 Hi 3 from 
the points, obtained, by the foregoing. rules, Fo 
this purpoſe a pair of beam compaſſes is to be uſed, 
both of whoſe, points are conical and very ſharp. 
Draw a tangent, to the arc b d, ſuppoſe at e, it will 
ioterſect the arc, xy in q, this will be the diſtance 
between the points of the beam compaſs to cut 

the 


- 


a. 


the diviſions nearly at right angles to the are; 
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The point of the beam compaſſes next the right 


band is to be placed in the point r, the other point 


to fall freely into the are x y then preſſing gently 
upon the r. head which faſtens the ſocket, cut 
the diviſions with the point toward the right hand, 


proceeding thus till you have em hi $ this divi- 
tons of the ee] 


Fox THE Weir. 1 


1. Chuſe 4 any part of the arch where there | is a 


coincidence. of the 90 and gb arches ; for example, 
at e, the point of 60% Draw the faint arc st, and 


ik, which may be continued to any length towards 


A; upon theſe the nonius diviſions are to be di- 
vided in points. The original points for the nonius 


of the goth arch, are to be made upon the arc st; 


the original points for the nonius of the "ou nc, : 
are to be made upon the ark ik. ; 


| Becauſe go is to 


96, as 15 to 16, there willbe 


Cine at 1 5 and -16pts, 300 and 32pts, 155 


and 48pts, 600 and Eꝗpts, 90 and 96 pts. 


2. Draw a tangent line to the primitive ciel 


as before, interſecting the arc d, which gives the 


diſtance of the points of the beam — with. 


which the nonius of the goth arc muſt be cut. 
Let us ſuppoſe then that the nonius is to 


ſubdivide the diviſions of the limb to half a minute, 


which is effected by making 10 diviſions of the 
nonius equal to 11 diviſions of the limb; mea- 
ſure the radius of the arc, and compute the chord 


of 16, or rather 32 of the nonius diviſion, which 


may cafily be obtained by the following proportion: 
if 10 {ng of the nonius plate make 55 mi- 
nutes of a degree, what will-32-of thoſe diviſions 


make? the anſwer is 20 565 the chord of which 


muſt 
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muſt be computed, and taken from the ſcale of 
equal parts; but as different ſubdiviſions by the 
nonius may be required, let à be the number of 
nonius diviſions, m the number of minutes taken 
in by the nonius b, 16, 32 or 64, and & the arc 

fought; then as n: me: b: x. EY 3 
4. Lay off with the beam compaſs, having the: 
length of the tangent go between the points, the. 
point q from e, q being a point in the arc st, and e 
an original point in the primitive cirele, and the 
chord of 32 from q towards the left hand, (the chord 
of 32 being the chord which ſubtends 32 diviſions 
on the nonius plate, or the chord of 2® 56'; this 


| chord to be computed from the radius with which 


the faint arc 8 t was ſtruck, and taken off the ſcale 
| of equal parts,) and divide by continual biſections; 
ten of thoſe diviſions, counting from ꝗ to the leſt, 
will be the required points. 
The nonius belonging to the 96 arch is ſubject. 
to no difficulty, as the number ſhould always be 16, 
32, &c. that the extremes may be laid off from 
the divijons of the limb without computation. 
To be more particular, the length of the tangent 
line or radius with which the diviſions of the no- 
nius of the 96 arch are to be cut, muſt be found 
in the way before directed for the nonius of the 
90 arch; the arch ik ſtanding inſtead of the 
arch s t. Having the tangental diſtance. between 
the points of the compaſs from one of the original 
points in the primitive 96, lay off a point on the 
faint arc i k towards the left hand; count from that 
point on the primitive 96 circle 17 points to the 
left hand, and lay off from thence another point 
on the faint arch ik; the diſtance between thoſe ' 
two points in the faint 2 5 i K is to be ſubdivided 
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by biſections into 16 parts, and thoſe parts pointed; 
from theſe points the viſible divifions of the nonius 
are to be rtr „ 
Mr. Ludlam thinks, that inſtead of laying the 
extent of the nonius fingle, it would be better to 
lay it off double or quadruple; thus inſtead of 1) 
points to the left hand, count 34 or 68, and that 
both ways to the right, and to the left, and lay off 
a point from each extreme on the faint arch ik; 
ſubdivide the whole between theſe extreme points 
by continual biſeQions, till you get 16 points to- 
_ gether on the left hand ſide the middle, anſwering 
to the extent of the nonius. No more of the ſub- 
diviſions are to be completed than are neceſſary to 
obtain the middle portion of 16 points as before, 
The nonius points obtained, he next proceſs is to 
transfer them on the nonius plate, which plate is 
chamfered on both edges; on the inner edge is 


the nonius for the 90 arch, on the outer edge is 


the nonius for the 96 arch, in the middle between 
the two chamfers is a flat part parallel to the under 
ſurface of the nonius plate; upon the flat part the 
taint line now going to be mentioned, is to be 
drawn. To ſind ihe place where the nonius is to begin 


upon the chamfered edge of the nonius plate, meaſure | 


the diſtance of the center of the quadrant from the 

axis of the teleſcope; this diſtance from the axis of 
the teleſcope at the eye end, will be the place for 
the firſt diviſion of the nonius; then draw a faint 
line from the center on the flat part of the nonius 
Plate, ni fin Giri or ert afratal 
Paſten the nonius plate to the arch with two 
pair of hand vices; then with one point of a beam 
compals, in the center of the quadrant, and the 
other at the middle of the nonius plate, draw 4 

faint arch from end to end; where this arch cuts the 


faint 
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aint line before-mentioned, make a fine point 3 
from this point lay off on each fide another point» | 
which-may be at any diſtance in the- arch, only 
care muſt be taken that ; they be equally. diſtant 
from the middle point; from the two laſt make a 
faint interſection as near as poſſible to either of the 
chamfered edges of the nonius plate; through this 

interſection the firſt diviſion of the nonius muſt be 


Ma. Bix p's Mrhop or DivipinG HIS ScCaLEoOr 
. EQUAL PARrs. | RHO 1 


Let us ſuppoſe that we have go inches to divide 
into 900 equal parts, take the third of this num- 
ber, or 300 now the firſt power of 2 above this 
is 512, therefore take th of an inch in one pair 
of beam compaſſes, V in another, in a third, 
and 44 in a fourth; then lay the ſcale from which 
theſe meaſures were taken, the ſcale to be divided, 
and the beam compaſſes near together, in a room 
facing the north; let them lie there the whole 
night; the next morning, correct your compaſſes, 
and lay off 4F three times; then with the com- 
palles T, 32, 44, biſect theſe three ſpaces as ex- 
peditiouſly as poſſible; the ſpace 64 is ſo ſmall 
that there is no danger from any partial or unequal 
expanſion, therefore the remainder may be finiſhed 
by continual biſections. The linear diviſions are 
do be cut from the points with a beam compaſs as 

rr 

The nonius of this ſcale is Heth of an inch long, 
which is to be divided into 100 equal parts, as 
100 is to 101, ſo is 256: 258,56 tenths of an inch, 


the integer being 78. Suppoſe the ſcale to be 
numbered at every inch from left to right; then 
make a fine point exactly againſt 2, to the left of 
91011 55 o, from 


- — eye —ů——— — — 
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©, from this lay off 258,56 to the right hand, 
which divide after the common method. 


If you are not furniſhed with a ſcale long enough 


to lay off 258:56, then ſet off 4? , and add 8.56, 


from a diagonal ſcale. 


Or Ms. Bikp' 8 Por NTING Tool, AND MzTHop | 


or POINTING. | 


The pointing tool conſiſted of a WES wire 73 
inch diameter, inſerted into a braſs wire þ inch 
diameter, the braſs part 22 long, the ſteel part 


ſtood out 2, whole length 33 inches. The angle ofthe 


conical point about 20 or 25 degrees, ſomewhat 
above a ſteel temper ; the top of the braſs part was 


rounded off, to receive the preſſure of the finger; 


the ſteel point ſhould be firſt turned, hardened, 


and tempered, and then whetted on the oil-ſtone, 
by turning the pointrel round, and at the ſame 
time drawing it along the oil-ſtone, not againſt, but 
from the point; this will make a ſharp point, and 


alſo a kind of very fine teeth along the ſlant fide of 
the cone, and give it the nature of a my fine 
counterſink. | 

In ſtriking the primitive chene by the beam 
compaſs, the cutting point raiſes up the metal a 
little on each fide the arch; the metal ſo thrown 
up, forms what is called the bur. When an arch 


is ſtruck acroſs the primitive circle, this bur will 


be in ſome meaſure thrown down ; bur: if that cir- 
cle be ſtruck again ever ſo lightly, the bur will be 


_ raiſed up again; the arches ſtruck acroſs the primi- 


tive Circle have alſo their bur. Two ſuch raſures 


or trenches acroſs each other, will of courſe have 


four ſalient or prominent angles within, and as the 
fides of the trenches ſlope, ſo do alſo the lines 
which! terminate the four ſolid angles. You may 

theretore 


— 
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therefore feel what you cannot /ee; when the coni- 
cal points bears again all four ſolid angles, they will 
guide, and keep the point of the tool in the center 
of decuſſation, while keeping the tool ' upright, 
preſſing it gently with one hand, and turning it 
round with the other, you make a conical hole, into 
which you can at any time put the point of the 
beam compaſs, and feel, as well as ſee, when it is 
lodged there, ef „ 


Rol Es oR MAXIMS LAID DOWN BY MR. BI RV. 


1. The points of the beam compaſſes ſhould 
never be brought nearer together than 2 or 3 in- 
ches, except near the end of the line or arch to he 
divided; and then ſpring dividers with round 
moveable points may be uſed, . 
2. The prick punch uſed to mark the points, 
ſhould be very. ſharp and round, the conical point 
being formed to a very acute angle; the point to be 
made by it ought not to exceed the one thouſandth 
of an inch. When lines or diviſions are to be 
traced from theſe points, a magnifying glaſs of x 
an inch focus mult be uſed, which will render the. 
Impreſſion or ſcratch made by the beam com- 
paſſes ſufficiently viſible; and if the impreſſion be 
not too faint, feeling will contribute as well as ſee- 
ing towards making the points properly 
3- The method of finding the principal points 
by computing the chords, is preferable to other 
methods; as by taking up much leſs time, there is 
much leſs ritk of any error from the expanſion of 
the inſtrument or beam compaſſes. 
4. To avoid all poſſible error from expanſion, 
Mr. Bird never admitted more than one perſon, 
and him only as an A nor ſuffered any fire 
| 5 A 


we 


1 
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in the room, till the principal points were laid 
down. | | A AC nr an ak 
Mr. Bird guards, by this method, againſt 
any inequality that might poſſibly happen among 
the original points, by firſt ſetting out a few capi- 
tal points, diſtributed equally through the arch, 
leaving the intervals to be filled up afterwards ; he 
could -by this method check the diſtant diviſions 
with reſpe& to each other, and ſhorten the time 
of the moſt eſſential operations. n 
5. Great care is to be obſerved in pointing in- 
terſections, which is more difficult, than in point- 
ing from a fingle line made by one point of the 
compaſs. For in biſections, the place to be poin- 
ted is laid off from the right to the left, and from 
the left to the right. If any error ariſes from an 
alteration of the beam compaſs, it will be ſhewn 
double; even ifthe chord be takena little too long, or 
too ſhort, it will not occaſion any inequality, pro- 
vided the point be made in the middle, between 
the two ſhort lines traced by the compaſs. - 
Now as Mr. Ludlam obſerves, if the biſecting 
chord be taken exactly, the two fore-mentioned 
faint arches will interſect each other in the primi- 
tive circle, otherwiſe the interſection will fall 
above or below it. In either caſe the eye, aſſiſted 
by a magnifier, can accurately diſtinguiſh on the 
primitive circle, the middle between theſe two 
arches, and a point may be made by the pointing 
In ſmall portions of the primitive circles the 
two faint arches will interſect in ſo acute an angle, 
that they will run into one another, and form as 
it were a fſingle line; yet even here, though the 
biſecting chord be not exact, if the interſection be 
e e pointed 
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iinted as before, the point will fall i in the middle | 
of the portion to be biſected. + 

If in the courſe of biſecting you meet with a hole 
already made with the pointrel, the point of the 
compaſs ſhould fall exactly into that hole, both 
from the right hand and the left, and you may 
readily feel what you cannot ſee, whether it fit or 
no; if it fits, the points of the compaſs will have a 
ſolid bearing againſt the bottom of te conical hole, 
and ſtrike a ſolid blow againſt it; if it hes not 
exactly coincide with the center of the hole, the 
ſlant part of the point will ſlide down the ſlant 
ide of the hole, drawing or puſfing the other polnt 
of the compaſs from it's place. 

Mr. Bird's method of transferring the divifiens 
by the beam compaſs from the original points, is 
founded on this maxim, bat a right line cannot be cut 
upon braſs, fo as accurately to paſs through two given 
points ; but that a circle may be deſcribed from any 
center to paſs with accuracy through a given point. 
It is exceeding difficult in the firſt place to fix the 
rule accurately, and keep it firmly to the two 
points; and ſecondly, ſuppoſing it could be held 
properly, yet as the very point of the knife which 
enters the metal and ploughs it out, cannot bear 
againſt the rule, but ſome other part above that 
uw will bear againſt it; it follows, that if the 

nife be held in a different ſituation to or from 
the rule, it will throw the cutting point out or in; 
beſides this, any hardneſs or inequality of the me- 
tal will turn the knife out of it's courſe, for the 
rule does not oppoſe the knife in departing from 
it, and the force of the hand cannot hold it to it. 
For theſe reaſons it is almoſt impoſſible to draw a 
knife a ſecond time againſt the walz and c cut within 

the lame line as before. 5 
Ls: | On 


. 
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On the other hand, an arch of a circle may al. 


ways be deſcribed by the beam compaſs ſo as to 


paſs through a given point, provided both points 
of the beam compaſs be conical. Let one point 
of the compaſs be ſet in the given point or conical 
hole in the braſs plane; make the other point, what- 
ever be it's diſtance, the central or ſtill point; 
with the former point cut the arch, and it will be 


ſure to paſs through the given point in the braſs 


plane, and the operation may be repeated ſafely, 
and the ſtroke be ſtrengthened by degrees, as the 
moving point is not likely to be moved out of it's 
direction, nor the cutting point to be broken. 
The viſible diviſions on a large quadrant are al- 
waysthe arches of a circle, though ſo ſhort as not ta 
be diſtinguiſhed from ſtrait lines; they ſhould be 
perpendicular to the arch that we", them, and 
therefore the ſtill or central point of the beam com- 
paſſes muſt be ſomewhere in the tangent to that 
arch; the bounding circle of the viſible diviſions, 
and the primitive circle, ſhould be very near each 
other, that the arch forming the viſible diviſions 


may be as to ſenſe perpendicular to both circles, 
and each viſible diviſion ew me original point 


from which it was cut. 


Another maxim of Mr. Bird? 8, aride to Mr. 
Graham, That it is paſfisle practically to biſef? an 
arch or rigbi line, but not 1e triſett, querguiſect, &c, 
The advantages to be obtained by Viſettion have 
been already ſeen ; we have now to-ſhew the objec- 
nou againſt triſccting, &c. 


That as the points of triſeRion in the primitive 


4a muſt be made by preſſing the point of the 


beam compals down into the metal, the leaſt ex- 


| tuberance or hard particle will cauſe a deviation in 


the fur impreſſion of a 2 point, and force the 
i point 


== 
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point of the beam compaſs out of it's. place; when 
a point is made hy the pointing tool, the tool is 
kept turning round while it is preſſed, HOW, and 
enen drills a conical hole. 

2. Much leſs force is neceſſary to make: a ſcratch 
or faint arch, than a hole by a preſſure dowawards 
ol the point of the compa 4 9150 

So much time muſt ſpent i in trials, that a 
partial expanſion would probably take place, and 
perhaps many falſe marks or holes made. 1 
might occaſion conſiderable error. 
Another maxim of Mr. Bird's was this, chat / 
ping was liable to great uncertainties, and not to 
truſted ; that js, if the chord of 16 was aſſumed, 
and laid dow five times in ſucceſſion, by turning 
the compaſſes over upon the primitive circle, yet 
the — ſo ben W . in wid RY; be 
equal. 6249 317379 6 | . 2 41 


Desekterion oF Ma. Bird's ScALE' or EQUAL 
ag Pars. 5 


he conſiſts of a ſoale of inches; — 95 divided 50088 
has and numbered at every inch from the left 
to the right, thus, o, 1, 2, 3, &c. in the order of 
the natural hots, The nonius ſcale is below 
this, but contigious to it, ſo that one common 
line terminates the bottoms of the diviſions on the 
ſcale of inches, and the tops of the diviſions on the 
nonius; this nonius ſcale contains in length 101 
tenths of an inch, this length is divided into 100 
equal parts or viſible diviſions ; the left hand di- 
viſion of this ſcale is ſet off from a point 7; of an 
inch to the left of o, on the ſcale of inches; there- 
fore, the right hand end of the ſcale reaches to, 
and coincides with the 1oth inch on the ſcale of 
inches. Every tenth diviſion on this nonius ſcale” 

+ | is 
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is figured from the right to the leſt, thus, 100. 90; 


80. 70. 60. 50. 40. 30. 20. 10. o. and thus o on 
the nonius coincides with 10 on the inches; and 
100 on the nonius falls againſt the firſt ſubdiviſion 
(of tenths) to the left hand of o on the inches; and 
theſe two, viz. the firſt and laſt, are the only two 
ſtrokes that do coincide in the two ſcales. 


To take off any given number of inches, deci. 


mals, and milleſimals of an inch; for example, 


42,764, obſerve, that one point of the beam compaſs 


muſt ſtand in a (pointed) diviſion on the nonius, 


and. the other point of the compaſs in a Promied di- 


viſion on the ſcale of inches. 


The left hand point of the beam compa muſt ſtand 
in that diviſion on the nonius which expreſſes the 


number of milleſimal parts; j "this, | in our example, 
is 64. | 

To find where the other point muſt and in the 
ſcale of inches and tenths, add 10 to the given 
number of inches and tenths (excluſive of Fe two 
milleſimal figures); from this ſum ſubtra& the 
two milleſimal figures, conſidered now as units and 
tenths, and the remainder will ſhew in what di- 
viſion, on the ſcale of inches, the other point of 


the compaſs muſt ſtand; thus, in our example, add 
10 to 42,7, and the ſum is 52,7; from this fubtract 


6,4 and the remainder is 46, 3. Set then one point 
of The compaſs in the 64th diviſion on the nonius, 
and the other point in 46,3 on the ſcale of inches, 
and the two points will DON Mars between them 
42,764 inches. 

This will be plain, if we conſider that the Junc= 
tion of the two ſcales is at the 1oth inch on the 


ſcale of inches; therefore, the beam compaſs will 
comprehend 36,3 inches on the ſcale of inches; 


but it will likewile comprehend 64 diviſions on the 
noniug 
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nius ſcale. Each of theſe diviſions is one tenth 
and one milleſimal part of an inch; therefore, 64 
diviſions is 64 tenths, and 64 milleſimal parts, or 
6,464 inches; to 6, 464 inches taken on the nonius, 
add 36,3 inches taken on the ſcale of inches, and 
the whole length is 42,764 inches; and thus the 
whole is taken from two ſcales, viz. inches and the 
nonius; each ſubdiviſion in the former is 75 of an 
inch, each ſubdiviſion in the latter is 25 ＋ 3853th 
of an inch. By taking a proper number of each 
ſort of ſubdiviſions (the leſſer and the greater) the 
length ſought is obtained. „5 
Tne buſineſs of taking a given length will be ex- 
edited, and carried on with far leſs danger of in- 
juring the ſcale, if the propoſed length be firſt of 
all taken, nearly, on the ſcale of inches only, gueſ- 
ſing the milleſimal parts; thus, in our caſe, we 
| ought to take off from the ſcale of inches 42,7, and 
above half a tenth more; for then if one point be 
ſet in the proper diviſion on the nonius, the other 
point will fall ſo near the proper diviſion on the 
icale of inches, as to point it out; and the point 
of the beam compaſs may be brought, by the re- 
gulating ſcrew, to fall exactly into the true di- 
viſion. | | „ | 
If, when the N of the compaſs are ſet, they 
do not comprehend an integral number of mille- 
ſimal parts, they will not preciſely fall into any 
two diviſions, but will either exceed, or fall ſhort; 
let the exact diſtance of the points of the compaſs 
be 42,7645; if, as before, the left hand point be 
ſet in the 64th diviſion of the nonius, then the right 
hand point will exceed 46,3 among the inches ; if 
the left hand point be carried one diviſion more to 
the left, and ſtand in 65 of the nonius, then the 
ght hand point will fall ſhort of 46,2 in the ſcale 


of 
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of inches; the exceſs, in the former caſe, being 
equal to the defect in the latter. By obſerving 
whether the difference be equal, or as great 
again, in one caſe as the other, we may eſtimate to 


J part of a milleſimal. See Mr. Bird's tract. p. 2. 


It may be aſked, why ſhould the nonius ſcale 
commence at the ioth inch; why not at o, and fo 
the nonius ſcale lie wholly on the left hand of the 
fcale of inches ? and, in this caſe, both ſcales might 
lie in one right line, and not one under the other; 


but, in ſuch a caſe, a leſs diſtance than ten inches 


could not always be found upon the ſcale, as ap. 
pears from the rule before given. The number 10 
muſt not, in this caſe, be added to the inches 
and tenths, and then the ſubtraction before directed 
would not always be poſſible. - 

Let, upon this principle, a ſcale, in one con- 
tinued line, may be conſtructed for laying off in- 
ches, tenths, and hundredths of an inch, for any 
length above one inch; at the head of the ſcale of 
inches, to the left hand of o, and in the ſame line, 
ſet off eleven tenths of an inch (or the multiple), 
which ſubdivide, in Mr. Bird's way, into ten 


equal parts. Such a compound ſcale would be far 


more exact than the common diagonal ſcale ; for 
the diviſions being pointed, you may feel far more 
nicely than you can ſee, when the points of the 


beam compaſs are ſet to the exact diſtance. But 


to return to Mr. Bird's tract, 
The nature of Mr. Bird's ſcale being known, 
there will be no difficulty in underſtanding his di- 


rections how to divide it. A ſcale of this kind 
is vaſtly preferable to any diagonal ſcale ; not only 


on account of the extreme difficulty of drawing the 
diagonals exactly, but alſo becauſe there is no 
check upon the errors in that ſcale; here the uni- 

SR | 6 ; orm 
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form manner in which the ſtrokes of one ſcale ſe- 
parate from thoſe of the other, is ſome evidence of 
the truth of both; but Mr. Bird's method of aſ- 
ſuming a much longer line than what is abſolutely 
neceſſary for the ſcale, ſubdividing the whole by a 
continual biſection, and pointing the diviſions as 
before explained, and guarding againſt partial ex- 
panſions of the metal, is ſure ro render the divi- 
ſions perfectly equal. The want of ſuch a ſcale of 
equal parts (owing, perhaps, to their ignorance of 
conſtructing it) is one reaſon why Mr. Bird's me- 
thod of dividing is not in ſo great eſtimation, 
among mathematical inſtrument makers, as it 
juſtly deſerves. 10 . 


Ax OBsERVATION, ok METHOD or GRADUATION, 
| „ 


As it is my intention to collect in this place 
whatever is valuable on this ſubject, I cannot re- 
frain from inſerting the following remark of Mr. 
Smeaton's, though it militates ſtrongly againſt 
one of Mr. Bird's maxims. He adviſes us to com- 
pute from the meaſured radius the chord of 16 de- 
grees only, and to take it from an excellent plain 
ſcale, and lay it off five times in ſucceſſion from 
the primary point of o given, this would give 80 
degrees; then to biſect each of theſe arches, and to 
lay off one of them beyond the Soth, which would 
give the 88th degree; then proceed by biſection, 
till you come to an arch of two degrees, which 
laid off from the 88th degree, will give the ninety 
degrees; then proceed again by biſection, till you 
have reduced the degrees into quarters, or eV 
fifteen minutes. Here Mr. Smeaton would ſtop, 
being apprehenſive, that diviſions, when over cloſe, 
cannot be accurately obtained even by biſection. 


If 


} 
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"If it were neceflary to have ſubdiviſions upon cho 


limb equivalent to 5 minutes, he adviſes us to com- 


pute the chord of 21? 20 only, and to lay it off 
tour times from the primary point; the laſt would 
give 8 5 20, and then to upply. the remainder 
from the biſected divifions as they riſe, nol from 
other computed chords. 

Mr. Bird afferts, that alter 4 had proceeded by 
the biſections from the arc of 85% 20', the frees 
points of 30. 60. 75. 60, fell in without ſenſible ine- 


quality, and ſo indeed they might, though they were 


not equally.true in their places; for whatever error 
was in them would be communicated to all con- 
nected with, or taking their departure from them, 
Every heterogeneous mixture ſhould be avoided. 
It is not the ſame thing whether you 7wice take 
meaſure as nearly as you can, and lay them off ſe- 
jarately, or lay off two openings of the compaſſes 
in ſucceſſion unaltered; for though the ſame opening; 
carefully taken off from the ſame ſcale a ſecond 
time, will doubtleſs fall into the points made by 


the firſt, without ſenſible error; yet as the ſloping 
ſides of the conical cavities made by the firſt point, 


will conduct the points themſelves to the center, 
there may be an error, which, though inſenſible to 


the ſight, would have been avoided. by the more 


fimple proceſs of laying off the De e 
without altering the compaſſes. 

A s the whole of the go arch may 1 divided 

by biſection, it is equally unexceptionable with 


4 96 arc; and conſequently, if another arc of 90, 


— 4 a different radius, was laid: dopn, they would 
be real checks upon each other. 
Mr. Ramſden, in laying 1 down the original divi- 


Kions on his dividing engine, divided his circle 
1 into 8 parts, and each of theſe into 3; theſe 


parts 
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parts ere then biſected 4 times; but being appre- 
henſive ſome | error might. ariſe from qui nquiſection | 


and triſection, in order to examine the accuracy of 
the divigons, he deſeribed another circle s inch, 
within the former by continual biſections, but found 
no ſenſible difference between the two ſets of di- 


viſions. It appears, alſo, that Mr. Bird, not with- 


ſtanding all his objections to, and declamations 


againſt; the practice of ſtepping, ſometimes uſed ie 
8 e 


It will be neceſſary to give the young ſurveyor 
ſome account of the nature and uſe of that admi- 
rable contrivance commonly called a nonius, by 
which the diviſions on the limbs of inſtruments are 


*% 


. The nonius depe ds on this ſimple circumſtance, 
that if any line be divided into equal parts, the 


length of each part will be greater, the fewer di- 


viſions there are in the original; on the contrary, 
the length of each diviſion will be leſs in propor- 


tion, as the diviſions are more numerous. 


- Thus, let us ſuppoſe the limb of Hadley's quad- 


rant divided to every 20 minutes, which are the 
ſmalleſt diviſions on the quadrant; the two ex- 
treme ſtrokes on the nonĩus contain 7 degrees, or 


21 of the afore- mentioned ſmall diviſions, but that 
it is divided only into 20 parts; each of theſe parts 


will be longer than thoſe on the arch, in the pro- 


portion of 21 to 20; that is to ſay, they will be 


one-twentieth part, or one minute longer, th 


the diviſions on the arch; conſequently, it the firſt, 


or index diviſion of the nonius, be ſet preciſely op- 


poſite to any degree, the relative poſition of the 
nonius and the arch muſt be altered x minute cs 
; ee 
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- fore the next diviſion on the nonius will coincide 
with the next diviſion on the arch, the ſecond di. 
viſion will require a change of 2 minutes, the 
third of 3 minutes, and ſo on, till the 2oth ſtroke 
on the nonius arrive at the next 20 minutes on the 
arch; the index diviſion will then have moved 
exactly 20 minutes from the diviſion whence it ſet 
out, and the intermediate diviſions of each minute 
have been regularly pointed out by the diviſions of 


the nomus. TE | Y 

To render this ſtill plainer, we muſt obſerve, that 
the index, or counting diviſion of the nonius, is 
diſtinguiſhed by the mark o, which is placed on 
the extreme right hand diviſion, the numbers run- 
ning regularly on thus, 20, 16, 10, 5, o. 
The index diviſion points out the entire degrees 
and odd twenty minutes, ſubtended by the objects 
obſerved; but the intermediate diviſions are ſnewn 
by the other ſtrokes of the nonius; thus, look 
among the ſtrokes of the nonius for one that ſtands 
directly oppoſite to, or perfectly coincident with 
ſome one divifion on the limb; this divifion reck- 
oned on the nonius, ſhews the number of minutes 
to be added to what is pointed out by the index 
diviſion. N 7 

To illuſtrate this ſubject, let us ſuppoſe two 
caſes. The firſt, when the index diviſion perfectly 
coincides with a diviſion on the limb of the quad- 


rant: here there is no difficulty, for at whatſoever 
diviſion it is, that diviſion indicates the required 


angle. If the index diviſions ſtand at 40 degrees, 
40 degrees is the meaſure of the required angle. If 
it coincides with the next diviſion beyond 40 on 
the right hand, 40 deg. 20 min. is the angle. If 
with the ſecond diviſion beyond 40, then 40 deg- 
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40 min. is the angle, and ol! in every other in- 


ſtance. 
The ſecond caſe 1 is, ich Ry inden line does not 


coincide with any diviſions on the limb. We are, 


in this inſtance, to look for a diviſion on the nonius, 


that ſhall ſtand directly oppoſite to one on the limb, 
and that diviſion gives us the odd minutes, to be 


added to thoſe pointed out by the index diviſion : L 


thus, ſuppoſe the index diviſion does not coincide 
with 40 degrees, but that the next diviſion to it is 
the firſt coincident diviſion, then is the required 
angle 40 degrees 1 minute. If it had been the 
ſecond diviſion, the angle would have been 40 deg. 
2 min. and ſo on to 20 min. when the index di- 


viſion coincides with the firſt 20 min. from 40 de- 


grees. Again, let us ſuppoſe the index diviſion to 
ſtand between 30 deg: and 30 deg. 20 min. and 
that the th diviſion on the nonius coincides ex- 
actly with a diviſſon on the limb, then is the angle 
zo deg. 16 min. Further, let the index diviien 
ſtand between 35 deg. 20 niin. and 35 deg. 40 min. 
and at the fame time the 12th diviſion on the 
nonius ſtand directly oppoſite to a diviſion on the 


arch, then will the angle be 35 deg. 32 min. 


| A GenzraL RULE FOR KNOWING THE VALUE OF 


rach Divigion, ON ANY NONIUS/ WHATSOEVER. 


1. Find the value of each of the diviſions, or ſub- 
diviſions, of the limb to which the nonius is ap- 
plied. 2. Divide the quantity of minutes or 1 
conds thus found, by the number of diviſions on 
the nonius, and the quotient will give the value of 
the nonius diviſion. 

Thus, ſuppoſe each ſubdiviſion of the limb be 


0 minutes, and that the nonius has 15 diviſions, 


then 4% gives 2 minutes for the value of the nonius. 


K It 


* 


7 


199 ESSAYS ON GEOMETRY, &c. 


If the nonius has 10 diviſions, it would give 


minutes; if the limb be divided to every 12 min. 


and the nonius to 24 paris, then 12 min. or 720 


ſeconds divided by 24, actin 30 lead for the re. 
quired. value. | 


Or er FOR DESCRIBING CircLEs OF 
EVERY POSSIBLE MAGNITUDE. 


As there are many caſes, where arches are re- 
quired to be drawn of a radius too large for any 
ordinary compaſſes, Mr. Heywood and myſelf 
contrived ſeveral inſtruments for this purpoſe; the 
moſt perfect of theſe is delineated at fg. 5, plate 11. 
It is an inſtrument that muſt give great katlsſactin 
to every one who uſes it, as it is ſo extenſive in it's 
nature, being capable of deſcribing arches from 
an infinite radius, or a ſtrait line, to thoſe of 2 or 
3 inches diameter. When it was firſt contrived, 
both Mr. Heywood and myſelf were ignorant of 
what had been done by tliat ever to be celebrated 
mechanician, Dr. Hooke. 

Since the invention thereof, I have ode 995 
very valuable communications from different gen- 
tlemen, who ſaw and admired the ſimplicity of 


it's conſtruction; among others, from, Mr. Nichol- . 
ſon, author of ſeveral very valuable works; Dr. 


Rotherham, Earl Stanhope, and J. Prieſtley, 
Eſq. of Bradford, Yorkſhire ; the laſt gentleman 
has favoured me with ſo complete an inveſti- 
gation of the ſubject, and a deſcription of ſo many 
admirable contrivances to anſwer the purpoſe of 
the artiſt, that any thing I could ſay, would be al- 
together ſuperfluous ; I ſhall, therefore, be very 


"brief in my deſcription of the inſtrument, repre- 


ſented fig. 5, plate 11, that I may not keep the 
reader u Mr. Prieſtley” $ valuable eſſay, ſub- 
Joining 
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Joihing Dr. Hooke's account of his own contri- 


vance to that of mine. Much is always to be gained 
from an attention to this great man; and I am 
{ure my reader will think his time well employed, 
in peruſing the ſhort extract I ſhall here inſert. 

The branches A and B, fg. 9, plate 11, carry two 
independent equal wheels C, D. The pencil or 
point E, is in a line drawn between the center of 
the axis of the branches, and equidiſtant from each; 
a weight is to be placed over the pencil when in 


| .uſe. When all the wheels have their axes in one 


line, and the inſtrument is moved in rotation, it will 


deſcribe an infinitely ſmall circle; in this caſe the 


inſtrument will overſet. When the two wheels C, 
D, have their horizontal axes parallel to each other, 
a right line, or infinitely large circle will be de- 
ſcribed; when theſe axes are inclined to each 
other, a circle of finite magnitude will be de- 
ſcribed. hg „ 
The diſtance between one axis and the center, 
(or pencil,) being taken as unity, or the common 
radius, the numbers 1, 2, 3, 4, &c. being ſought 
for in the natural tangents, will give arcs of incli» 
nation for ſetting the noniuſes, and at which circles 
of the radii of the ſaid numbers, multiplied into 
the common radius, will be deſcribed. 8 
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[Eniatts' from Dr. Hooke, on the difficulty, E 
of drawing arches of great circles. * This thing, 


ſays he, is ſo difficult, that it is almoſt impoſſible; 


of pecially where exactneſs is required, as I was 
ſulliciently ſatisfied by the difficulties that occurred 
in ſtriking a part of the arch of a circle of 60, feet 


radius, for the gage of a tool for grinding teleſcope 


plaſſes of that length'; whereby it was found, that a 
beam compals made with alt care and circumſpec- 


tion imaginable, and uſed with as great care, would 


not perform the operation; nor by the way, an an- 
gular compaſs, ſuch as deſcribed by Guido Ubaldus, 
by Clavius, and by Blagrave, &c. 

1. The Royal Society met; I difcourſed of my in- 
ſtrument to draw a great circle, and produced an 
inſtrument I had provided for that purpoſe; and 


therewith; by the direction of a wire about 100 


feet long, I ſhewed how to draw a circle of that 
radius, which gave great ſatisfaction, &c. Again, 


the laſt meeting I'endeavoured to explain the dif- 
ficulties there are in making conſiderable diſcove- 


ries 
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ries either in nature or art; and yet, when tkey are 
diſcovered, they oſten ſeem ſo obvious and plain, 
that it ſeems more difficult to give a reaſon why 
they were not ſooner diſcovered, than how they 
came to be detected now: how eaſy it was, we now 


think, to find out a method of printing letters, and 
is no ſpecimen or hiſtory of any thing of that kind 
done in this part of the world. How obvious was 


not find that it was made uſe of to divide the ſpa- 


ces of time, till Galileo diſcovered it's iſochronotis 


motion, and thought of that proper motion for it, 


de. And though it may be difficult enough ro 
find a way before it be ſhewn, every one will de 


ready enough to ſay when done, that it ĩs eaſy todo, 


and was obvious to be thought of and invented.“ | 


To illuſtrate this, the Doctor produced an inſtru- 


ment ſomewhat ſimilar to that deſcribed, fg. 6, 


Plate 11, as appears from the journal of the Royal. 
Society, where it is ſaid, that Dr. Hooke produced 
an inſtrument capable of deſcribing very large cir- 
cles, by the help of two rolling circles, or truckles 
in the two ends of a rule, made fo as to be turned 
in. their ſockets to any aſſigned angle. In another 
place he had extended his views relative to this in- 
ſtrument, that he had contrived it to draw the arch 
of a circle to a center at a conſiderable diſtance, 
where the center cannot be approached, as from 
the top of a pole ſet up in the midſt of a wood, o 

from the ſpindle of a vane at the top of a tower, of 
from a point on the other fide of a river; in all 
which cafes the center cannot be conveniently ap- 
proached, otherwiſe than by the ſight. This he 


performed by two teleſcopes, ſo placed at the 


tuckles, as thereby to ſee through both of them 
MF} K 3 „„ 
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the given center, and by thus directing them to 
the center, to ſet the truckles to their true inclina- 


tion, ſo as to deſcribe by their motion, any pant 
of ſuch a circle as ſhall be deſired. 


MzTnops OF DESCRIBING kits OF C1RCLES, or 


LARGE MacniTtupe. Br ]. W Ea, 
or BRADFORD, YORKSHIRE. 


In the projection of the ſphere, perſpective and 
architecture, as well as in many other branches of 
practical mathematics, it is often required to draw 
arches of circles whoſe radii are too great to admit 
the uſe of common or even beam compaſſes; and 
to draw lines tending to a given point, whoſe 
ſituation is too diſtant to be brought upon the plan. 
The following eſſay is intended to furniſh ſome 
methods, and deſcribe a few inſtruments that may 


aſſiſt the artiſt in d eee e ph both theſe 
problems. 


Or x FINDING Poiurs IN, AND DESCRIBING Axchts 
OF LARGE CIRCLES. 


The dae and inſtruments I ſhall ma for 


115 this purpoſe, will chiefly depend on the following 


propoſitions, which I ſhall premiſe as principles. 
Principle 1. The angles in the ſame ſegment of 


a circle, are equal one to another. 


Let AC DB, jg. 1, plate 10, be the ſegment of 

a circle; the angles formed by lines drawn from 

the extremities A and B, of the baſe of the ſegment 

to any points C and D in it's arch, as the angles 

ACB, ADB, are equal. 

This is the 31ſt propoſition of Euclid's 3d book 
of the Elements of Geometry. 

Principle 2. If upon the ends AB, of a right line 

A B as an axis, two circles or rollers CD and ja 

* | — 
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be firmly fixed, ſo that, Ig. 2, plate 10, the ſaid 
line ſhall paſs. through the centers, and at right 


angles to the planes of the circles; and the whole 


be ſuffered to roll upon a plane without ſliding: 


- 1, If the rollers CD and E be equal in diame- 


ter, the lines deſcribed upon the plane by their cir- 


cumferences, will be parallel right lines; and the | 


axis AB, and every line D E, drawn between con- 


temporary points of contact of the rollers and 
plane, will be parallel among themſelves. 


2. If the rollers CD and E F be unequal, chen 
1 formed by their circumferences upon the 


plane will be concentric circles; and the axis AB, 


and alſo the lines DF, will, in every eee tend 
to the common center of thoſe circles. 


Principle 3. If there be two equal circles or tel 


lers A and B, fig. 3, plate 10, each ſeparately fixed 
to it's own axis, moveable on pivots; and theſe 


axes. placed in a proper frame, ſo as to lie in the 


ſame plane, and to maintain the ſituation given 


them with reſpect to each other; and if the appa- 

ratus be rolled upon a plane without ſliding- 
1. If the axes C D and E F, be placed in a paral- 

lel ſituation, the ee eee of the rollers A 


and B will trace upon the plane ſtrait lines; which 


will be at right angles to the axes CD and EF. 

2. If the axes CD and EF, Continuing an be- 
fore in the ſame plane, be inclined to cach other, 
ſo as if produced to meet in ſome point G; the 
rollers A and B will deſcribe in their motions upon 
the plane, arches of the ſame, or of concentric circles, 
whoſe center is a point H, in that plane perpendi- 
cularly under the point of interſection G or The 
two axes. 

I ſhall not flop to demonſtrate the cruth of the 
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moveable on a common center, like a carpenter's 


legs repreſent the ſides of any given angle, and 


10 be deſcribed by a pair of compaſſes ; to find any nim- 


two laſt prixiciples, it will eaſily N ee on *. 
the operations: performed. 


Tux SIMPLE Brvxr. 7 


In che performance of ſome of the followi 
problems, an inſtrument not unlike fg. 4, Plate 
To, will be found uſeful. It conſiſts of two rulers, 


rule, with a contrivance to keep them fixed at any 
required angle. The center C muſt move on a 
very fine axis, ſo as to lie in a line with'the fiducial 
edges C B, CD of the rulers, and project as little 
as poſſible before them. The fiducial edges of the 


their interfection or center C it's angular point. 

A more complex inſtrument of this kind, adap- 
ted to various uſes, will be deſcribed hereafter. 
VM. B. A pin fixed in the lower rule, paſſes 
through a ſemicircular groove in the upper, and has 
a nut A which ſcrews upon it, in order to fix the 
rulers or legs, when placed at the deſired angle. 

PROBLEM I. Given the three points A, B, and C., 
Suppoſed lo lie in the circumferences of a circle too large 


ber of other points in that circum ference. 

This may be performed various ways. As for ex- 
ample, fg. 5, plate 10. 
eie x "4 which biſect with the ung FMG 
at right angles; from B, draw BD parallel to AC, 
cutting FG in E; and making ED EB, D vill 
be a point in the ſame circumference 1 in which A 
B and C lie. 

By joining AB, and biſecting it at right angles 
with IK; and from C dratving Ca parallel to AB, 
cutting IK in L. and making La L C, a will be 
another of the required points. 


Con- 
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Continuing to draw from the point laſt found, 
lines alternately parallel to A C and A B; thoſe 
lines will be cut at right angles by FG and IK 
reſpectively; and by making the parts equal on 
each fide of F G and I K, they become chords of 
the circle, in which the original points A, B and 
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J C lie, and, of conſequence, determine a ſcries of 
3 ints on each ſide of the circumference. © 7 
y It is plain from the conſtruction, (which is too 

a evident to require a formal demonſtration, ) has: 
| the arches AD, Aa, Cc, &c. intercepted between 
e the points A, D—A, e c -&. et 


to the arch B C, and to one another. 

In like manner, 8 B C, and biſeQing t 
at right angles with P drawing Ac“ . 
BC, and making Rc. = AR, (c) is another of 
the required Points; and, from (c') the point laſt 
found, drawing c a' parallel to CA, and making 
aN=Nc; (a)) is 1 point in the ſame cir= | 
cumference ; and the arches comprehended be- 
tween Cc' and Aa are equal to that between AB. 
Hence, by means of the perpendiculars PQ and 
FG, any number of points in the circumference” 
of the circle, paſſing through the given ones, A, 
Band C may be found, whoſe diſtance is equal 
to A B, in the ſame manner, as points at the dif 
tance of B C were found by the on _ the * 

pendiculars I K and F G. £ 

Again, if A, C and (c) or A, C ate be ben 

as the three given points, multiples of the arch 
A C may be found in the ſame manner as thoſe 
of the arch A B were found as above deſcribed.” 

2. Another method of performing this — wo 
Is as. follows, Fig. 6, ptate 10. Produce CB and 
CA; and with a convenient radius on C, deſcribe 
the arch D E; on which ſet off the parts F G, Ong 
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&c. and equal to DF; draw CG, CE, &c. con. 
tinued out beyond G wig E if neceſſary ; take the 
diſtance A B, and with one foot of the compaſſes 
in A, ſtrike an arch to cut C G produced in H, 
and His a point in the circumference of the circle, 
that paſſes through the given points A BC; with 
the lame opening AB, and center H, ſtrike an 
arch to cut CE produced in I, which will be 
another of the required points, and the proceſs may 
be continued as far as is neceſſary, _ 

The reaſon of this conſtruction is obvious; for 
ſince the LB CA, ACH, H CI, &c. are equal, 


they muſt intercept equal arches BA, AH, HI of 
the circumference. 


If it were required to find a number of points 


K, L, &c. on the other fide whoſe diſtances were 


equal to BC, lay down a number of angles CA K, 


K A L, &c. each equal to BA C, and makethe dil 
tances CK, K L, &c. each equal to B C. 


By THE BeveL. 


This problems is much caller: ſolved by the help 
of the bevel above deſcribed, as follows. See Fig. : 


Bring the center of the bevel to the middle B, 


of the three given points A B and C, and holding 


it there, open or ſhut the inſtrument till the fidu- 


cial edges of the legs lie upon the other two points, 
and fix them there, by means of the ſcrew A, 
(Hg. 4) ; this is called /e/ting the bevel to the given 
points. Then removing the center of the bevel, 
to any part between B and A or C, the legs of it 


being at the ſame time kept upon A and C, that 


center will deſcribe (or be always found in) the 
arch which paſſes through the given points, and 
will, by that means, aſcertain as many others as 


may be required within the limits of A and C. 


. 
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In 2 to find points without thoſe limits, pro- 
ceed thus: the bevel being ſet above deſcribed, 
bring the center to C, and mark the diſtance C B 
upon the Jef leg; remove the centet to B, and 


mark the diſtance B A on the ſame leg ; then pla- 


cing the center on A, bring the right leg upon B, 
and the firſt mark will fall upon (a) a point in the 


circumference of the circle, polling through A, B 
1 


and C, whoſe diſtance from A is equal to the diſ- 


tance BC. Removing the center of the bevel to - 


the point (a) laſt found, and bringing the right leg 


to A, the ſecond mark will find another point (a") 


in the ſame circumference, whoſe diſtance a a“ is 
equal AB. Proceeding in this manner, any num- 
ber of points may be found, whoſe diſtances on the 
circumference are alternately BCandBA. | 

In the ſame manner, making fimilar marks on 
the right leg, points on the other ſide, as at (c) 


and (c”) are found, whoſe diſtances C c',c'c", are 


equal to B A, B C reſpectively. 


It is almoſt unneceſſary to add, that ts 
wane between any of the above are given by the 


vel, in the ſame manner as between che original 
points. 

PROBLEM 2. Hg. 7. late 10. Three points. A, B 
and C, being given, as in the laſt problem, to find a fourth 
point D, ſituated in the circumference of the circle paſ= 
ſing through A, Band C, and at a_ given number of 
deprees diſtant from any of theſe points; A for inſtanc e. 


Make the angles A B D, and A C D, each equal | 


to one half of the angle, which contains the 42 
number of degrees, and the interſection of 

lines BD, C D gives the point D required. 

For an angle at the circumference heing rr 
to half that at the center, the arch A D wall con- 


tain. 
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tain twice the number of degrees contained by | 
either of the angles A B D or CD: 

ProBLEM 3. Hg. 8, plate 10. Given hit Pointe 
| as in the former problems, to draw a line from any of 
tbem, tending to the center of the circle, which paſſes 
through them all. © 

Let A, B and C be the given points, and let it 
de required to draw A D, ſo as, if continued, it 
would paſs through the center of the circle! in 
which A, B and Gm: 

Make the angle BAD equal to the complemett 
of the angle B A. and A D is the line required. | 

For, fappoting” AE a tangent to the point A, 
chen is E A Da right angle, and EA B BCA 
whence, BA D= right angle, leſs the - B C A, 
or the complement of B C A. 

Corollary 1. AD being are lines merh B 
and- C, or any other points in the fame circle, are 
eafily found; thus, make A B'G= BAD; which | 
gives BG; then make BCF=CB G, which 
gives CF; or CF may be had without the i inter- 
vention, of BG, by making AC F CAD. 
Corollary 2. A tangent to the circle, at any of 
the points (A for inſtance), is thus found. 

Make B A E= B CA, and the line A E will 
touch che circle ar- A. 

By 1he bevel. Set the bevel to the three given 
points A, Band C, (fg. 8,) lay the center on A, 
and the right leg to the point C; and the other 
leg will give the tangent A G. Draw A D perpen- 
| dicular to A G for the line required, 

For B A E being = B CA, the / EA C is the 
10 pplement to E A B C, or that to which the bevel 
is ker! hence, when one leg is applied to C, and 
the center brought to A, the direction of the other 
leg muſt be in that of the tangent G E. 


PROBLEM 


convenient radius, ſtrike two arches croſling each 
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+ PropLIN 4. Fig. '9, plate 10. Three points being 5 
given, as in the firmer problems, 10 draw from a given 
fourth point, a line tending io the center 95 4 _ 
pang throughthe three fir points. 

Let the three points, through which the cirdla 
is ſuppoſed. to pals, be. A, Band C, and the given 
fourth point D; it is required to draw through D, 
a line D d tending to the center of the ſaid circle. 

From A and B, the two points neareſt D, draw 
+ by the laſt problem, the lines, Aa, Bb, tending to 

the ſaid center; join A B, and from any point E, 
taking in B b, (the farther, from B the better) draw 
EF parallel to Aa, cutting A B in E; join AD 
and BD, and draw. F G parallel to A „cutting 
DB in G; join GE, and through 5 Parallel 
thereto, draw Dd for the line required. _ 
For (continuing D d and B b till they meet in 
O,) ſince Aa and Bb, if produced, would meet in 
the center, and F E is parallel to A a, we have 
BF: BA:: BE: radius; alſo, ſince AD and FG are 
parallel, BF: BA: BG B D; therefore B G: 
B D:: BE: Waile but from the parallel lines 
Dd and GE, we have BG: BD: : BE: BO; hence, 
BO is the radius of the circle paſſing through. A, 
Nm BY” [i= 5 
y the bevel. On D with radius DA deſcribe 

an arch AK; /et the: bevel to the three given 
el A, Band C, and bring it's center (always 
ceping the legs on A and C) to fall on the arch 


A K, as at H; on A and H ſeverally, with any 1 


other at I; and the required line Dd, wall pale ns . 


deen the points I and D. 
Fox a line drawn from A to H, will be a An- 
| mon chord to the circles AHK and ABC; my 


by Ab 


- 
* 15 


* 
L ' 


paſfing through three given points. 


from N to 


' 
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the line 1D biſecting it at right angles, muſt pai, i 
through both their centers. 5 \ 1 oy if 


| Pronuen 5. Fig. 9, plate 10. | Thice points being 


given, as before, together with a fourth point, to find 


two other points, ſuch, tbat a circle paſſing through 


* . 


them and the fourth point, ſhall be concentric io that 


Let A, Band C be the three given ponts, and 
D the fourth point; it is required to find two 


other points, as N and P, ſuch that a circle paſ- 


fing through N, D and P, ſhall have the ſame cen- 


ter with that paſſing through A, Band C, 


The geometrical conſtruction being performed 


as directed 1 laſt problem, continue E G to 


L, making E L=EB; and through B and L, 
draw B LM, cutting D d produced in M; make 
A N and BP ſeverally equal to M D, and N and 


Pare the points required. 


For, fince LE is parallel to Mo, we have B E: 
LE: : BO: MO; but BEL E by the con- 


ſtruction; therefore, MO BO S radius of the 


circle paſſing through A, B and C, and M is in the 
circumference of that circle. Alſo, N, D and 
P being points of the radii, equally diſtant from 
A, M and B reſpectively, they will be in the 
circumference of a circle, concentric to that paſ- 
fing through A, M and B, or A, Band C. 
By the bevel, Draw Aa and Cc tending to the 

eenter, by problem 3; ſer the bevel to the three 


7 2 points A, B and C; bring the center of the 


vel to D, and move it upon that point till it's 
7s cutoff equal parts A N, C Qofthe lines Aa and 
Cc; and N and Q will be the points required. 


FLIP 
Pa 4 
\ 


For, L ines drawn from A to C, and 


2; the ſegments ABC and N 9 


Pr 
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be ſimilar ones; and, conſequently, the angles con- 


# tained in them will be equal. :_ / - 


PROBLEM 6. Fig. 10, plate 10. Three points A, B 


Aud C, lying in ibe circumference of à circle, being 
feta fre and furh point h. to nd ant 


point F, ſuch, that a circle paſſing through F and D, 


| ſhall touch the other paſſing through A, B and C, af 


any of theſe points, B for inſtance. © | 
Draw B Ea tangent to the arch A B C, by pro- 


blem 3, corollary 2; and join BD; draw BF, 


making the angle B D F=E BD, with the diſ- 


tance BD; on D ſtrike an arch to cut B F in F: 
and F is the point ſought. e 


Since DF = DB, the £ D F B=DBF , but 


DBF=D BE by conſtruction; therefore, DFB 
D BE, and EB is a tangent to the arch BDF 
at B; but E B is alſo a tangent to the arch ABC 
| (by conſtrudtion) at the ſame point; hence, the 
arch BD F touches A BC as required. _ 
PROBLEM 7, Fig. 13, plate 10. Two lines tending 


to a diſtant point being given, and alſo a point in one of 


them; to find 1wo other points, (one of which muſt be 


in the otber given line,) ſuch, that a circle paſſing through 


thoſe three points, may have it's center at the point of 


inleyſection of the given lines. 


Let the given lines be A B and CD, and E the 


given point in one of them; it is required to find 


| two other points, as I and H, one of which ( I) 


ſhall be in the other line, ſuch that a circle HI E 
paſſing through the three points, ſhall have it's 
center at O, where the given lines, if produced 


would meet. > e 
From E the given point, draw EH, croſſing 
Aat right angles in F; make FH=FE, and H 
s one of the required points. From any point D 
in C P, the farther from E the better, draw GD 
parallel 


Ws 
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parallel to A B, and make the angle HE I. equal 


to half the angle G DE; and EI will cut A Binl, 
the other Nat point. 


For, fince E H croſſes A B at right Ades Kd | 
HF is ; equal to FE, IH will be * to I E, and 


ne  HEL=ZEHI; alſo, ince G D is pa- 
rallel to A B, the Z G DE / FOE double 


IHE doudie 4 HEI; but HE1= half | 


CG DE by conſtruction; hence, the points E, 
J and H are in the circle whoſe center is O. 
By the bevel. Draw E H at right angles to AB, 


and make F H=FE as before; ſet the bevel to the | 


angle G D O, and keeping it's legs on the points 


H and E, bring it's center to the line A B, which 


will give the point IJ. 

ProBLEM 8. Fig. 13, plate 10. Troo lines tending 
to a diftant point, being givers 10 find: the difiance of 
that 

121 A B and CD be the two given lines, ten- 
ding to a diſtant point O; and let it be required 
to find the diſtance of that point, from any point 
(E for inſtance) in either of the given lines, 

From E draw E H, perpendicular to A B; and 
from D (a point taken any where in C D, the far- 
ther from 5 better) draw DG parallel to A B, 
On a ſcale of log and parts, meaſure the 
lengths of GE, ED and E F ſeparately ; then ſay, 
as the length of G E is 10 ED, ſo is E F to EO. 
the diſtance ſought. 

For the triangles E G D and E FO are ſimilar 
and from thence the rule is manifeſt. 


Or InSTRUMENTS FOR DRAWING ARCHES OF LARGE 
CIRCLES, AND Lan TRNPING TO A DISTANT 


Polxr. 


1 ſhall now proceed to give forme Jes of a few 
6 5 inſtru- 


de. 


in uments for theſe purpo oſes, who — el, 
pends on_the” N Fuad down 1 begi 
AL ee neee N * i 
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Fig yy OP 10, 1 10 4 Keich'of an inſttument, 
unded upon principle 1, by which the arches 
of Gele of any radius, Wien the limits attain- 


4 
1 . 8 
. ©, - 5 


able by a common pair of compaſſes, may. de 


deſoribecd, CHOU WH 
It IM N of ry ruler A B, compoſed of "_ 
pieces rivetted together near C, the cehter or 


axis, and of a triangular part C F ED. The axis 
is « hollow Tocket, fixed to the triatigitlar part, 
about which another ſocket fixed to the arm 0 B, 


of the ruler A B, turns. Theſe fockets are open in 


the front, for part of their length upwards, as re- 
preſented | in the ſection at I, in order that the point 
of a tracer or pen, fitted ro flide im the ſocket, 
may be moie cafily n 

The 1 art is furniſhed with 4 gradda- 
ted arch DF, by 3 — and the vernier ut B, 
the angle D 12 be determined to Minutes. 
A 510 5 is made it! 1 arch, by which, and by 


the nut and ſcrew at B, or ſome ſiniilar contri- 
vance, the ruler A B may be fixed 1 in any required 


poſition. ig 
A ſcale of radii is put on the arm CB, by whic 
the inſtrument may be // to deſcribe aches of given 
circles, not leſs Nan 20 inches in diatneter. In 


order to /z/ the inſtrument for a bo given rang, . 


the number expreſſing it in inches on C B, 


brought to cut a fine line drawn on CD, 


faſtened in that poſition by the ferew at B. 


CF | 


ip elesbübrüg. . 445 


ate | 
and near to the fiducial edge of it, and the arms . 


Two heavy pieces - lead or braſs, G,G, made 
in 
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in form of the ſector of. a circle, the angular parts 
being ſteeled and wrought to a true upright edge, 
as ſhewn at H, are uſed with this | inſtrument, 
whoſe arms are made to bear againſt thoſeſ edges 
when the arches are drawn. The under ſides of 
theſe ſectors are armed with wann points, to 
prevent them from ſlidin 
The 6ducialedges of the arms CA and GD 
each divided from the center C, into 200 equal 
5 Parts. | Mei oc 
The ieee aight be furniſhed with ſmall 
caſtors like the pentagraph, but little buttons | 
fixed on it's underſide, near A, E, 1 5 D, will 
enable! it to ſlide with ſufficient cafe. 1607 


Some Inz7knces' OF it's Un 2 . 


| 5 GO 19 a 
„ defcribe march, which ſhall path ag 
three given points.... 
Place the ſectors G, 6. with their angular: edges 
over the two extreme points; apply the arms af the 
bevel to them, and bring at the ſame time it's cen- 
ter C (that is, the point of the tracer or pen, put 
in the ſocket,) to the third point, and there fix the 
arm C B; then bringing the tracer to the left hand 
ſeQor, flide the bevel, keeping the arms conſtantly 
bearing againſt the two ſectors, till it eomes to the 
right-hand ſector, by which the required arch will 
be deſcribed, by the motion of it's center C. 
If the arch = wanted in ſome part of the draw- 
ing without the given points, find, by problem 1, 
other points in thoſe parts. where "the arch is re- 
quired. By this means a given arch, may be 
[Anat =W as far as is requiſite. 
2. To deſcribe an arch of « given. radius, not 
leſs than 10 inches. | * 
ix 


| towhich The: ſedοrennuſt be. 
| g. hem it. is fair that che be vel 3s 


mſtanceJo1s r oi] 271180 lord 


Ms e lr Ev, Ar. 1 


ene de. no pb aber 


cyyveſpanding? . 

1 raue Hebei ee. 
—.—— — procure, requiecd/td pulls; 
ch 18 
fo — taihdgireRions] Ki intended 
to be drawn; lace the —— G enactd yt the 
dwifibnz 26© af, and kv ois as 


dee e ou 19392 | 2 dort bobivib 2 


— — — 2 1 no; Dorn 
| Yuppoſe the-bevelreobe jt 3 x aches 


4440 eee WII be vid to dew ; 


f gg, | eh — —— 


Is to 60, ins the arches required 951117 
Sbiotheronftant Now 26d, 210 fl fi 99817 . 

HTN tht nimmber:omochearme Anand ED» 
im order tu 
ing 1 3803) 0423 


deſqribecaiches i Bacimohesirad 


er to 
drawiatches/dÞa partitulur radius;ditiisial ways un: 
——— „G, / e to he platt 
u Neu o C and: owhen'tlibſeare [ATT 
drawn21s art fdoidw yd not basd- — 
4. Am urch A C B gong plat ig bein 
3 bo, 
hic alf paſs Through gi ven / p inn, (s h far: 
"f14 eino 100 
>Throngh'ths entremitieꝝ & and no, the . 
arch, draw lines A. , Bp tending tes ib an 
ga fake the neareſt diſſande df the 


given point from the arch, and ſet it from & ti 


and from B to p. Hold the center of the leyel 
lM on 


bring the center tote 


try! : 
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on C, (any point near the middle ofthe given arch,) 
and bring it's arms to paſs through A and B at 
the fame time, and there fix them. Place the ſec. 
tors to the points p and p', and with the bevel, ſet 
as above directed, draw an arch, which will 


paſs through P the given point, and be concenuie 
to the given arch A CB. 


5. Through a point A, (fig. 14, plate'10,) in 
thi given line AB, to ſtrike an arch-ofia given 
radius, and whoſe center ante in that Una, ( d- 


duced if neceſſury ). 


Set the bevel to the given radius, as Abr de- 
ſcribed, (Le 2). . mann, 


Through A; at ris angles to A B. chime: C D; | 
ny the center of the bevel (/et as above) on A, and 


the arm CA, on the line AC; and draw a line AE 


along the edge C D of the other arm. Divide the 
angle DA E into two equal parts by the line AF; 


place the bevel ſo, that it's center being at A, the 


arm C D ſhall lie on AF; while in this ſituation, 


place the ſectors at No. 100 on each Lago and then 


{ſtrike the arch. 


6. An arch being given, to fad the length of 
it's radius. 

Place the center of the bevel'on the middle of 
the arch, and open or ſhut the arms, till No. 100 
on CA and CB fall upon the arch on each ſide the 
center; the radius will be found on CB (in inches) 
at that point of it, where it is cut by the line 
draun on CD. 

If the extent of the arch be not equal to that 
between the two Nos. 100, make uſe of the Nos. 
co, in which caſe the radius found on CB, will 
be double of that ſought; or the arch may be 
lengthened, (by problem 1,) till it be of an extent 
tufficient to admit the Nos. 100. 

3 Maoy 
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Many more ialtamder of the uſe; of this i inſtru- 
ment might be given; but from; what, has been al- 
ready done, and | an, attentive, peruſal of the fore- 
going problems, e al of them may . 
ably 1 2 2 * : N W n x 

1h: . OT Tut W neee ee 


td ik 12 F en ene 211 

An inſtrument r hat are paral · 
lely is called a parallel ruler ; one for drawing lines 
tending to a 
each — may, by analogy, be called am ob igue 
mler. i 27-265 NMH (itt s, n yt 
Ag. 17 * Mut 10, repreſents 
for this purpoſe; it conſiſts oſ a cylindrical or ꝓriſ- 
matical yer ere agar -ar je which is fixed the 


roller A; into this tube there: ſlides anather: CB 


ſix or eight flat ſides. Tbe tubes fle ſtifly, 
ſo as to remain in the poſition in which they are 
placed. Upon the end Est crew different rollers, 
all of them ſomething ſmaller than A. 

In order to deſcribe arches, a drawing pin E, 
andatracer, may be put on the pin D, and are retained 
there by a ſcrew. G; che pen is furniſhed with a 
moveable arm E F, having a ſmall ball of braſs F 
at the! end, whoſe: uſe is malle, pan'ty: geeſe 


can be regulmed by placing the em in different 
A g ſet to any given line, by 
olling i it alo other ines may be drawn, all of 
which will tend to ſome one point in the given line, 
or a continuation of it, whoſe diſtance will be 
e as the diſtance between the rollers A and 
is increaſed; andas the diameter of C approaches 
chat of A; all which is evident from principle 2. 


It allo appears from the ſaid Principle, that 


L 3 - during 


as fuch lines are ohlique to 


a fimple contrivance; 


8 


£56 rs DN EDTA ah. 


| / 
duting the tnotibm of the bruleri 2 
os will Aetucateledcſeritit 1blcarebliafra irg 
| kividg iche faidepoinoad jntegfedtionifos iti D 
ter nd canfequetitly; abe pot ur trirer, h. | 
this iD vill deferiboſuch atohes;.c550 bond» 
AThe roltersyias Cg e end. of 
1 Me war tube afe numbatred} can 95. 
joſculeg ade drrufwomathüt twbe:4at there e 
— — beoigingte cad and humberedtagt 
cordingly! 'Dbeſe cles ſhew: the di ſanoe in in- 
— 
fromthe agreeing ig 
| — be 0 15. yin. 

1 —— ford 
nging plant; Mheiſe rad Or, di- | 
ons Dowyifomapotinobesita ion. inch, 
cr zan che bels rener, rel _ _ 


. Hr $6] e 1 5 by 


„ 1 8 bns 4 Grat baby 
4-1 150 
N ee wa + 49. 

bes 4 


| nodu baſing? 2] Hm 1 rr 
Ke ich to innigↄd at bsnolieff ↄoIdionir 


a \R g dbexequired to extend the radius or 
bid Envoy 1200 inches; by ufing avother 
7 Aten iche de rearvied>roagoccinahes;? 


Lines Wach bebe dfdesbing blo: 


10 


Pena AG fert diſtance, waycbd: eſtaemel 
wPallelne? off _ 22>08ftib HT O 110 
6x9 -918 1 bas AJ einiof ads to 1601 OJ 59 
a 51 e ENI Mz Ky A 
0 ae This! is nothin Hora jo 
the"! 17 7 mars: — intbe Jo 
1h! oF e rolling ld qulbeociromadblio 2117 th 
an iv! nap appt yin ir 
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axis the ſmaller roller B, is made to ſlide through = 


| 


ſcrewed on the other end of the axis, and can be 


| changed occaſionally, for others of different dia- 


meters. Scales adapted to each of the rollers at A, 
are either put onthe flat ſides of the axis from C. 
to E, or drawn on the correſponding part of che 
flat ruler j and the. ſcales and rulert diſtinguiſhed 
by the ſame number: at F is a ſcrew to raiſe or 
lower the end C of the axis, till the ruler ſwĩims 
parallel to the paper on which the drawing ĩs made 
and at G there is A ſocker, co πi,, ea drawing 
pen and tracer is adapted for deſeribing arches.” © 

In uſing theſe inſtruments, the fingers thould be 
placed about the middle 


and the ruler drawn, er puſhed at right angles to 
it's length. The tube A B, Ig. 14, and one er 
both of the edges of the flat Aer fig. 18, are di- 
yided into inches and tenth  * 
1 4. Tur CyCLOGRAPH, 0 
This inſtrument is conſtructed upon the 3d 
principle mentioned in the beginning of this eſſay. 
Fig. 16, plate 10, is 8 five. rulers; 
four of them, D E, D F, GE and G F, forming a 
trapezium, are moveable on the joints D, E, F 


md G; the fifth ruler, DI, paſſes under the joint 


D, and through a ſocket carrying the oppoſite 
joint G. e from 3 the 


Joint D, to that of the joints E and F, are exactly 


equal, as are the diſtances from G to the ſame 
joints, be rulers DE and DEF paſs. beyond-the ; 

Joints E and F, where à roller is fixed to each; 
the rollers are fixed upon their axes, which move 
freely, but ſteadily on pivots, ſo as ta admit of no 


* — 
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Hake by which the S e 
varied. The ruler FD and n 
curries ny roller Alike thei the 78, elaxig 
Hes! pretiſely in tlie dtraction ef Wat ruler 5 che add 
2M 2 ad Cf Exttnd'ts K And L“ eln 5d eln 

A ſcale is put on the ruler D I, from H-t6'G, 
ſhewing by'the pofitian of the focket tiki 
the length' of the'radius of the arch in inches, that 
bud Be deſcribed: by the end I; in that ba 8 

the ttapezium! When the ſbeket GI 

the end of the ale near I, che axes of the 105 . 
lers B and C, the ruler Bf, And the dis of. the 
roller A, are preciſely parallel and! in 91. 50. 


ion, iht end I, ar m ; 
deſcribe ſtrait lines t.righ ht, ang DL 0 515 00 


ſucing The focket G ba e 1 an inclination) is 


$ ES 


A roper Nen for bald a pen or tracer, is 
. put on the end 1, ali p of de- 
ſeribing arehes and another is macde for fixing on 
any par? of the ruler DI, for the more convenient 
deſcription of concentric arches, where a würde 

are wanted. ü 111693 (19V2-. it >! 

t is: plain from chis-Aeferipeion, chat che mid. 
die ruler DI in this inſtrument; is a true % ue 
rule +} which'linestnay be drawn tendin 195 
ht whoſe diſtanee from Lis ſheun by 75 
Faidn of the'tockebG on the ſcale i ang-t d be. 
ment is made ſufficiently large; ſo as 10 ahſuer 
this pumpböle as view the Shed a A 05 £16115 
115 21016 i119 96 L 101 , 8 D 0 
115. A bib ee Consrave? roi, OF, X92, pad 
uod Ui 12 nnn B1fj dd 4734) 8 


9 Fig. wy plate 10, the part ianseh w ky 
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ö uled an dWi⁰ ging lige Mithin Aber eν 
b which) ade. e Theta ανννν, hut thinks = 
13 Shi Dae oy W 
ien af; a like inſtruments where 


, OE. ary. zi 
| 


may be made much allen nd e Iarny, 5 
cumbe f- IG 35h 3513 110, 399, EI AS o 


DBA -C ;x8prelents ſuch a dre en 
ſocket. and {calle as above deſar W 


ler. Here che ruler h Dis Cntinued a fu 
length, beyond D. as to. A ow Os thin 

Is fixed z I acer! 
e ning op n 918 Wy lo 


Mirnons © mh oi Exil, AD SU 
0 100 {4 12 0 rn Genus, T4830! N11 . 
A not98 ion us, EW) th 193201 ach Sibel, 


11 To Agſeribe an.ellipſe. the: lanſperſe; aud cajugate 
axes being SO bath Eau antes an ods ot nie 

Me AB be:the Error ai GN. ale 
ON ORE ANG 3. G Zen lego 

lei ht Noe line, * ON the jeskex, 
ee 1 Ger wih the extent A the; ſemi- 

rranſyerſe; axis in the terms 99 and 9g ws 8 


out u the tranſverſe . diſtance of and q 61 

bo, and ſo for every tenth fine, and feet he we 

232 and: from.G.10:Baoaben nes. 
through-theſe;points:perpendicular 10 A R. Make. 

GC trandverſs.diftancg;hetwarniga and And 4 
ſeq off each tenth ſine fm Gigwards Gil and from! o = 7 
towards D. and through r BS 
parallel to A B. which ill interſect tha pe ad 
WIN to AB inthe! las e ee 


k, 5 m, n the e 
A Pa AI inte jäter S ech © half, 
* 7 drawn With a ft ad hand, will com- 
plate the atlaſes... 287 122 1 pe 1,48; 26), lla, 
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© \Merhod.' 2. With the elliptical compaſſes, Ng. 3, 

plate 11, apply the tranſverſe axis of the elliptical 
compaſs do the line A B, and diſcharge the e 
of both ine ſliders; ſet the beam over che tranſverſe 
axis'AB, and ſliderit! backwards and forwards un- 
til the pencil or ink point coĩncides with the point 
A, an tighten the ſcrew: of that flider which 
moves on the: conjiigate axis; now turn the beam, 
0 ag day over the given conjugate axis CD, and 
mukke the! pencil: or ink point coincide with the 
point C and then fix the ſcrew, which is over the 
inder f the trünfrerſe axis of the compaſs; the 
compaſſes bein — a qʒ move the ink point 
Ede y rom A, through C to B, and it will de- 
cribe'the ſemi-ellipſ&@AC B. reverſe the elliptical 
apaſs; and'deſerjberthe-other ſerni-ellj ipſe BDA. 
eompaffes ere contrived by my father in 
14485 they are ſuperior to the trammel which de- 
ſcribes” tbe whole ellipſe; as hefe will deſcribe an 
ellipſe of any excentricity . wie he others will 
not. FE: Bott Ott bod. 7 < 

"Uh ſw at ven point F 10 afro a. the 


159 4 K Being given. Th 

Kh ar want Axis of * elliptical com 
paſs(* Pas? given line A'B; and adjuſt it to the 
uh & che we conjugate ſcrew, and turn the 
beim 50 f, mliging it tilt f coincide therewith, and 
roceedis in the. preceding problem, 
Hg. 23 plale'15,' repreſents another kind of el. | 

| Uprical compaſſes, acting upon the princi ple of 
rhe Gal —4 ; the pa per is fixed u upon the * 
AB, the pencil C 10 7 for to the tranſverſe diameter 
by fliding it on the bar DE, and is adjuſted to the 
conjugate diameter by the ſcrew G; by turning the 
board A'B, ve ellipſe will be deſcribed by the pen- 
cil. Fig. 2, A, plate 11, is the trammel, in _—_ 
tne 
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de pins n cha under fe Of Hhe buard AB; move - 
ur il ; deſcription oi dhe; eHHipſe on: (qs 11 Ae. 
de ara deter bed in 4 Nene ee 
y che geemotrin-Pergrjige! bil Pale: 1 Fl this) pargdef 
chat inſtrument ay be had ſeparate if required. i 
a dgſenibe u purabola, whoſe! pararbeter-oonlk be: 
equal o a given toe, | Fig. inter A 
Draw n line to/reprefent the axis, in whi wel 
AB; equal to half the: given parameters Open the 
ſector;;ſo that AB may bethe tranſverſe diſtance ' 
between go and 9 — ding: ofiſines. and ſet off 
every. tenth; ſine rom Aton B and througt 
ce poims thus found, dr. lines at right angles 
tothe axis A. Make tl d lines M a, 10 b, 200 
Jod, 40e, & neſpectively eg qual 40 the chords o 
90% Bo%190% Hor, 0 b 4d be dive. OB. ped. 
the points a be de, Scae wil be in che paraholic 
cutve43; for greater en intermediate points 
way he ohtalhed from the/inttrmediate- degrees: 
and — through theſe points and the 
vertex B, will be the parabola required: if "the 
whole-curve.be: wanted, the faine. operation. muſt 
be performed on the other ſide o the axis, 
As the chords on the fe duden furchbe than | 
— thoſe 3 80 and 9, may be found by. t 
king the iran 2 — eines of 35140. 
45%, to the zadius A B, and applying thefe gi 
tances twice along tha linen, 20 C, 10 B, . 4 
Tin, rats a ge is en anſtrhment fore deferi- 
bing a;parabola the figure will Nr ib 2 
ßeientiy evi 50 077 goto . 
— * whoſe A GB pea 
kl o ood, Tring F e 
7 0 ſlidingiagainſt the COIN: CB 


\cxteriatiframes! Ha ſocket fliding/ 0 the 
n E Fi hehe: interior frame;oand carrying me 
a 1 8 PRs 


| 
| 
| 
| 
| 


1 - 
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pencil I: K, a fixed point in the board, (the ſitua. 

3 of which, may be varied ogcaſionally); Ea K 

e in ene to E, one end thereof 

in tixed a at 45 4 "Br er 9 the piece K, going over 
at a. 


the, Penei ring the frame, ſo that the pen- 
c in a Ahe the point K; then ſlide it 


| [ he exterior rame, and the pencil will deſcribe 
RE Ch LAS 125 ume i FG H be 


aw Al 1 Salle to 9 reve Make 
AC 4 tranſverſe farce to 45, and 45 on the up- 
we tangents of the ſector, and apply from B as 

Vet he letangentstaken tranſyerſcly as may be 
thought convenient; as B D 50, D E 5 ge, and ſo 
on; and through theſe poins dan Dd, K o. has 


7 parallel to AC. 


; Make ACa rranlyarſs diſtance between 45 _ 
4 of the lower tangents, and take the tranſverſe 
: diſtance of the cotangents before, uſed, and lay 
them on thoſe parallel lines ; ; thus, make Dd equal 
46%, E10 10 „ deli 380 &. and thefe colt 

.be in the hyperbalic curve, and a line drawn 
5 them 1 wins be the hyperbola required. 


. To [At he. d in drawing. curves through a 

nde of: of Points, Sar make ule. of what is termed 
the bou 'confilting of a ſpring of hard wood, or 
dee}, 1 ichen to a firm ſtrait rule, that it may be 
520 e leſs by 3 ſcrews paſling through the 


FE; t of ſpirals cut out in braſs, are extremely 
edi 8 oY, the ſame purpoſe ; for thereare 
. 2 fo 

10 H iir 05% ah 
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few curve lines of a ſhort extent; to which, ſome 
part of theſe will not apply. | Jr 


Fig. 6, plate 11, — RY an in The 
3 e A the foot by which 25 580 
to the paper, B the pencil, 1 2, da wong 
going over the cone & and eylinder H, t Wh 
being faſtened to the pin e. On turning the frame 
K NO, the thread carries the pencil pr ogrefively 
from the cone to the eig 4 ant Gelcribes 
a ſpiral; The ſize of the ſpiral ma be 5 Nh 
by placing the thread in different grooves, by ig 


ting it on the furthermoſt- cole, £ by Ls 
4 agen o,“ 5 1 


5 7 
; ih 110 1 


Or THE Git N A H Ws 57 ; 


The geometric pen is an inſtrument in which, by 
a circular motion, a right line, x circle, an ellipſe, 


and a great variety of geometrical figures, may be 
deſcribed. + 

This curious inſtrument was invented and . 
ſcribed by John Baptiſt Suardi, in a work « entit leg 


Nouvo Iſtromenti per la Deſerizzione di diverſe 
Curve Antichi e Moderne, &c. 


Though ſeveral writers nate taken ate ce 5 | 
the curves ariſing from the compound motion. of 
two Circles, one moving round the other, yet no 
one ſeems: to have realized the principle, and re- 
duced it to practice, before J. B. Suardi. - It has 
lately been happily introduced into the ſteam en. 
gine, by - Meſhetirs Watt and Bolton; a 
among many others, not only of the ale oft 
ſpeculations, but of the advantages to be 100 
from the higher parts of the mathematics, in the 
hands of an ingenious mechanic. There never was, 
perhaps, any inſtrument which delineates ſo many 

different curves as the geometrie pen; the author 


5 enumerates 
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entmerates 1274; d poſfible to be deſoribed by it 
in he ſimple form, and with che few wheels aps 
r to it for iche preſent WOK. £17 2 | ch; 
Fg., plate ir, fepreſenti the genmturiu pen i A: 
B, C, the ſtand by which it is ſupported ; the leg 
A, B, C, are contrived to fold one within the other, 
for che convenience of packing. i o} 21 At 
A ſtrong axis D is fitted to the top of the frarme 
to the lower part of this axis, any of the wheels 
(as i) may be adapted when ſcrewed to it theyam 
immoveable.' 5007 28 11013q1121Þb ff 12501 oT 
E G 'is' an arm conteivell to turn round i . 
the main axis D; two fliding: > boxes are fitted 
this arm; to theſe boxes any of the — "a | 
longing to the geometric pen n. ly be fixed; und 
then flid ſo that the 2 may take into ehch 
other, and the immoveable wheel ig it is evident 
that hy making the arm EG xrevolue round the 
axis D, theſe wheels will: be. made td %- 
alſo; and that the number of their revolutions will 
depend on the proportion between ithe teeth n ys 
PF gis an arm carrying the pencil; this aenoflida# 
backwatds' and forwards in the bot d ind order 
that the diſtance of the pencil. from the center of \ 
the heel h! may 1 varied :; che bowed is 
fnted to the axis of the Liter h, and turns round 
with it; carrying 'the arm f talong with it; it is 
evident therefore, that the revolutions. will be 
fewer or greater: in proportion ad the difference 
between the numbers Be, the teeth in the wheels 
and I; chis bar and ſocket are vſihyrembved for 
changing the wheels o 1% (n it badingiob od yam 
When two wheels only are uſed, the bar fg 
moves in the ſame directibiſ With the ban EG ; but 
if another Wheekis/introducediberween them, trheps! | 


move in contrary directions 71511199 at nοινhjmn FO! 
. | The 
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The number of teeth in che wheels, - and con- 
ſequently, the relatiye velbcity of the epicygls gr 
arm fg. may be varied in infinitum. nen 

The numbers. we; have uſed, AIC: 8, 1 gt 155 
40, 48, 56, 643 7, 805 88; 96. 7-11 ig tj 203 
The conſtruction and application of this bine; 
ment is ſo evident from the figure, thawing 
more need be pointed out than the combinations, 
by which the: kgures here et e he Fa- 
duced. © VB 

To aller the deſeription as conciſe 28 Sache, 
1 ſhall in future deſcribe the arm E G by the let 
ter A, and f g by the letter B, 

To deſcribe fig. 1, plate 12. The radius of A 
muſt be to that of B, as 10 to 5 nearly, their ve-! 
| lacities, or the numbers of teeth in the wheels to; 
be equal, the motion to be in the ſame direction,;;.; 

If the length of B be varied, the looped baue, 
delineated at fig. 12, will be produced. ; C] zixe 

A circle may be deſcribed by equal wheels, and 
any radius but the bars, malt: move in CONFary: 
directions. „ is 218 1 

To deſcribe the two leave Sauces; ſeen plate 125 
fig. 11. Let the radius of A to B, be as 10-40 3.4 
the 3 as, 110.2, the motion in the fam; ; 
direction. 1; 19 44x 2113 01 bonn 

Jo deferibe by this CIRCULAR MOTION, A STRAEF»; 
LINE AND AN ELLIPSE. For a (trait line, ęqual æadii. . 
the velocity as 1 to 2, the motion in a contννο 
direction; the fame data will give a varigtyref eb. 
lipſes, only the radii muſt be en eee 
may be deſeribed in any dire dien; ſs: g. . 
plate 13. U 0#3 n2nW 


Fig. 14. plate 12, with ſeven leaves, is oben: 
formed when che radii are as Ito a es νe—tH 


to 3 motion in 1 directions. 16102 a gygem 
"2 4H 
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The fix triangular figures, ſeen at fig. 2, 4,6, 8, 
9, IO, are all produced by the ſame wheels, by 
only varying the length. of the arm B, the velocity 

thould be as 1 to 3, the arms are to move in con- 

trary directions. 4 

Fig. 3, plate 12, with eight leaves, is formed by 
equal radii, velocities as 5 to8, A and B to move 
the ſame way; if an intermediate wheel is added, 
and thus a motion produced in a contrary direc- 
tion, the pencil will delineate fig. 16, plate 12. 

The ten-leaved figure, plate 12, fig. 15, is pro- 
duced by equal radii, velocity as 3 to 10, directions 
of the motions contrary to each other. 

Hitherto the velocity of the epicycle has been 
the greateſt ; in the three following figures, the 
curves are produced when the velocity of the epi- 
cycle is lefs than that of the primum mobile. 

For fig. 7, the radius of A to B, to be as 2 toi, 
the velocity as 3 to 2; to be moved the ſame way. 

For fg. 14, the radius of A, ſomewhat leſs than 
the diameter given to B, the velocity as 3 to.1; 
to be moved in a contrary direction. Vo 

For fig. 5, equal radii, velocity as 3 to 1; moved 
the fame way. Theſe inſtances are ſufficient to 
ſhew how much may be performed by this inſtru- 
ment; with a few additional pieces, it may be 
miade to deſcribe a cycloid, with a circular baſe, 
ſpirals, and particularly the ſpiral of Archimedes, 
Le. " 

Or ru Diviston or LAND. 


Io know how to divide land into any number 
of equal or unequal parts, according to any aſſigned 


proportion, and to make proper allowances for 


the different qualities of the land to be divided, 
forms a material and uſeful branch of nn 
oy = 
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In dividing.ot.land,..numerous. ae 231 
15 i td, her ivided by by lines, 115 lel. to each 
1 A 1:10 f given fence or. rod; Hefti 

i to interſect. a given line; the diviß 20 a 


often to be made according to. "the, Bare 
directig ee thg. parties concerned. 675 aſub 68 
wh hich 


been treated fo often, novelty u perhaps 
not to be defired, and. e d, Ng gon 
ſiderable improvement has bern made in this 
branch of f ſurveying,. 1 75 Aug HER, of. Speid Il. 
Mr. Talbot, whom .w W,. 
ad the e a 150 thoſe who pre- 
him; and.adde dect hereto. 05 or three pro- 
blems; his 9 1s pre ae ſurveyor's pe- 
ruſal. Some probleras allo the foregoing part of 
ti work, 1% be cou dered Þ, this. place. 55 
| de 4.1 Ilan le in à given ratio, 


5 57 any angle 10 the pe 0 de 


55 e al 1 15 ite e ſide in the pre ropoſed ra ati 0. 

1D line es from che Fro points of 9 9 5 
to the 1 angle, and t th en 0 the triangle 3 as 
required, 5 

1 hus, t to Jibige t the. Cents AB 2 #e. 13, Plate 

„ cantaini! g, 361 acres, into "three:parts,, in; ol 

0 to the numbers 40, 20, 10, the lines of di- 
Vinon to protec d from the angle G to: AB, 1 Irs 
length is uk nom as dhe ratio of 40, 2 _ 
10, is the ſame as 4, 2, 1, whoſe Tum is 7, divi 4 
AB into 7 equal parts; draw A a at — of theſe 
17 A b at 9 7 her Nr e. triangle is divided 
kequ uir ed. D * AT * , 
e A; "the ſum. of the ratios,.. 18 


9 AB 2 chains; 0 is 4, 3, 1. ig 6, 8, .and 4 
chains refpettively: therefore 4 4 b 16 a. hk = 8. 
«nd b! e Chains. . Fs. 
er any MR To 
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To know how many acres in each part, ſay ay 
the ſum of the ratios, is to the whole quantity 
of land, ſo is each ratio to the quantity of acres: 


T2 Fe 1s wh : 15,142857 J == triangle A C a 
7 : 20 3.5 4 715g 1425 = triangle a C b 
7: 20,5 i: 1:  3,785714 } a=trianglebCB.* 


PROBLEM 2. To divide a triangular field into ay 
number of parts, and in any given proportion from a 
given point in one of the ſides. 

1. Divide the triangle into the given proportion, 


from the angle oppoſite the given point. 2. Re- 


duce this triangle by problem 51, ſo as to pal 
through the given point. 

Thus, to divide the field A B C, fig. 14, plate 8, 
of ſeven acres into two parts, in the proportion of 
2 to 5, for two different tenants, from a pond b, 
in B C, but ſo that both may have the benefit of 
the pond. | 

Divide B C into 7 equal parts, make Ba 
5, 2 CAD, draw A a, and the field is divided 
in the given ratio. 2. To reduce this to the point 
b, draw A b and a c parallel thereto, join c b, and 
it will be the required dividing line. 

Example 2. To divide A B C, fg. 15, Plate 8, 
into three equal parts from the pond C. 1. Divide 


A into 3 equal parts, A a, a b, b B, and Ca Cb. 
will divide it, as required, 1 the angle A; re- 


duce theſe as above directed to cd and ce, and 
they will be the true dividing lines. In the field, 
divide BC in the ratio required, and ſet up a mark 
at the point a, and alſo at the pond 4; meaſure the 
angle bAa; at à lay off the ſame angle Aa c, 
which will give the point c in the fide Aa c, from 
whence the fence muſt go to the pond. 

PROBLEM 


* Talbot's Complete Art of Land Meaſuring. 


- 


a mea 
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PROBLEM 3. To divide a triangular field in any re- 
quired ratio, by lines drawn parallel to one ſide, and 
culting the other. 1 re pi "0 

Let AB C, fig. 16, plate 8, be the given triangle 
to be divided into 3 equal parts, by lines parallel 
to AB, and cutting AC, B C. 

Rule 1. Divide one of the ſides that is to be cut 
by the parallel lines, into the given ratio. 2. Find 
a mean proportional between this ſide, and the firſt 
| divifion next the parallel ſide. 3. Draw a line 
parallel to the given ſide through the mean pro- 
portional. 4. Proceed in the ſame manner with 
the remaining triangle. 
| Example 1. Divide B C into three equal parts 
BD, DP, PC. 2. Find a mean proportional 
between B C and DC. 3. Make C G equal to this 
mean proportional, and draw G H parallel to AB. 
Proceed in the ſame manner with the remaining 
triangle CH G, dividing CG C into 2 equal parts 
at I, finding a mean proportional between C G, 
and CI; and then making CL equal to this mean 
proportional, and drawing L M parallel to A B, 
the triangle will be divided as required. 

A ſquare, or rectangle, a rhombus, or rbomboides, 
may be divided into any given radio, by lines cutting 
two oppoſite parallel ſides, by dividing the ſides inio the 
propoſed ralio, and joining the points diviſion. 

PROBLEM 4. To divide a righi=lined figure into any 
propoſed ratio, by lines proceeding from one angle. 

PROBLEM 5. To divide a righ:-lined figure into any 
propoſed ratio, by lines proceeding from a given point in 
one of the ſides. | 

PROBLEM 6. To divide a right-lined figure inlo any 
Propoſed ratio, by right lines proceeding from a given 
| pot, within the ſaid figure or field. | 
If would be needleſs to enter into a detail of the 

| M 2 a mode 
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mode, of the p 
blems, as the ſubject has been already ſufficienth 
handled in pages 84, 85, &c. 


quantity 0 of ground into any given number of parts, ani 


ſeverally by the ſaid proportional numbers for the 


3, 6, 10, or whoſe eſtates may be epi: 100 


A But Fake is upon ſuppoſition that the land i is all of 
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performing che three foregoing pro. 


' PROBLEM 7.* “ [tis required to divide any gre 


in proportion as any given numbers. 


Rule. Divide the given piece after the rule of 
fellowſhip, by dividing the whole content by the 
ſum of the numbers expreſſing the proportions of 


the ſeveral ſhares, and multiplying the quotient 


reſpective ſhares required.“ 

Example. It is, required to divide 300 acres of 
land among A, B, C, and D, whoſe claims upon 
it are reſpectively i in proportion as the numbers 1, 


3ool, 600l..and 1000l. per annum. 
The ſum of theſe proportional numbers is 20, 
by which dividing 300 acres, the quotient is 1; 
acres, which being multiplied ' by each of the 
numbers 1; 3, 6, 10, we Oman: for the ſeven 
ſhares as follows: pL 


„ fs . 1 
A's ſhare= 15: og 1% - 
B's ſhare = 45: 0: oo 

-: ., .. C's ſhare 90: o: 00 

| D's ſhare = 150 : :@ : oa 


— 


Sum = 300 : 0: 0 > the proof. 


A + 


an equal value. 
Now let us ene the land to be laid off _ 


4 — * 


* 8 7, an erroneous * given EE a late writer, 
introduced here to prevent the practitioner being led into 
error. Problem 8, from Talbot's Complete Art of Land 
Meaſuring, 


— 
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ach perſon's ſhare, is of the following different 
values Per acre, Viz. A's=58. B's 8s OCS 128. 
| D's= 158. an acre; whoſe ſum 408. divided by . 
po number, quotes 10s. for the mean value per 
And according to a late author, we maſt 
mgment or dini eh n as e ric 


: . 
. 15 g are * 1 
e ne e eee, 
: 10 ½ 90 75 C's ſhare © 
d en — 100 D's ſhare 1 17 
, : A 154 
8 


ch i is leſs thin: 300, yin more nies — — 

| ſhews the rule to be abſolutely falſe; for when each 
perſon's ſhare is laid out as above, there remain 

| 38 acres unapplicd'; 1 ſuppoſe for! the! uſe: - the 

eyor,? 5! ce ö 

But fappbſe we Shag the W * per- 
ſon's land, and call A's 1 58. B's 128. C's 88. and 
D's 58. chen we ſhall have TY 


& 1. „„ % PHT 
16 5-29 3: 11% A's ſhare 
13: 10: 453 37; We hae 
8: 10 : 909 112,50 ſhare 
$4210 ©: 150 : 300 D's ſhare 


ſum of the ſhares 460 acres : 


how muſt the ſu rveyor manage here? as he muſt 
make 460 acres of 300, for here D's ſhare only 
takes the whole 300, where is he to find the 160 

acres for the other three ſhares ?Þ But enough of 


this ; ſee it truly and. eee * in 
be gert , mars 


, £4 1 3 * 
5 "38. $ 5 F a 
a * 
3 0 
; . * 
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„nb 8. 1. is. required 10 bie any given Le 
quantity: of land, among any given number of perſons, in WM laſt p 
proportion 10 their ſeveral eftates, and the value of the ſhare. 
land, that falls lo cach perſon's bare. 1 

-- Rule. Divide the yearly: value of each perſon's ke 
eſtate by the value per acre, of the land that is 
allotted for his ſhare, and take the fum of the 
quotients, by which divide the whole given quan- 
tity of land, and this quotient will be: a common 
multiplier, by, which multiply each eee 
quotient, and the product will be each particular 
ſhare of the land. 

Or ſay, as the ſum of all the quotients, is to the | 
| whole quantity of land; ſo is each particular quo- 
tient, to it's Proportional ſhare of the land. 

Example. Let 3oo acres of land be divided 
among A, B, C, D, whoſe eſtates are rool. Zool. 
coolant 1000l, reſpectively per annum; and the 
value of the land allotted to each is 5, 8, 12, and 
15 millings amacre, as in ene ene to the laſt 
e ee 7 0 


Then a — == 20, 94 3798 ploy _ go, and 

a 5 1 
1099 == 66, 666, and the fur of te quotes is - 
1s! malt 
1 266.4390, = 1,722 8, the co mon a 
5 ; 174,166 7 . m 
 tiplier: 5 
h n acres. 

+ [1,72248 K 0 A 34,45, A'sſhare 
then 472248 X 37.5 = 64,593 B's ſhare 
enen J 1,2248 K 0 = 86,124 C's ſhare 

1572248 & 66 666 = 114.832 D's ſhare 


ſum 5 the ſhares — = 299,999. acres, of 


300 very nearly, and is a proof of the Whole. 5 
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Let us now change the values of land as in the 
| laſt problem, and ſee what each will have for his 
ſhare. Suppoſe A's 1 85 B's 12, C's 8, and D's 5, 


ſhillingsan wee then" ao , 666, OY = 2 57 600 


* 


=5 is alas and the ſum of theſe quo- 
oy 


tients is 306,666, therefore. . * = 0,97 826 


9 


the common multiplier: 
' acres. | 


[0.97826 * 6666 6,5217 A's ſnare 
then < ; 0,97 826 X 25, 244565 D's ſhare 

3 X 75, == 73, 3695 C's fare 

1097826 0 . NY Ahe 


|. the ſum of the ace = - 29,9997 acres," 
- which proves the whole to be right. 


Example 2. Let $00. acres be divided among ; 
fix perſons, whoſe eſtates are as follow, viz. A's 
4ol. "B's 20l. C's 101. D's 100l. E's 4ool. and F's 
1000l. per annum, and the value of the land moſt 
convenient for each is A's, B's, and C- s, each 78. 
D's 10s. E's 158. and F's 128. an acre; now each 


eſtate divided by the value of his ſhare of hs yd, 
will ſtand thus: 


A 7) 40 8 5.71428 

3 1 erer, CL ls | 
D 48 100 0 10 5 fl ( ba 
F 12 ) 1000 ( 3.33333 J 


* 


| fur of the . quotients =1 29,99998, or 1 30. 


4 o 


- 


wit 
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$8; 4 th 


1 30 a 
8 2 — — 3 446158 ile common. oſs. 


by which muſtipl ing each quotient, we ue 
My each ſhare as follows, Vik. . 


W 
'F: ? 
4 


5 


oor, — eee 
mY = 21,9998 oo 
- r=: n e T6,” | 
Se cee ne eee eee + 72 
0 'D= Artes 
f 1 = 102, 5641 | 
FOR " = 320,,127 ö 


2 


; "their bum is = Sonde and proves the 
whole, 2 


"I; B. Ui any angle Mare would contain land of 


ſeveral different e chen on the mean to di- 
vide his eſtate Ys. he 


Gy for of the quantities, is to this unk, ſoit is one 
a re, to it's mean value, to be made uſe ot, + 

Now having found each perſon s fhare, they 
may be laid out in any form required, by the di- 
rections and problems given in the next ſection, 
But when Bay ares contain land of the ſame 
value, it is beſt to lay out their ſum in the moſt 
convenient form, and then ſubdivide it. K 
For di viding of commons, Sc. Surveyort Nene 
meaſure the land of different value in ſeparate par- 
cels, and ſind the ſeparate value thereof, which 
added i in different ſums; gives the PO n 
and whole value. 8 ; 

By problem 1, they find ach.” man's propor- 


tional ſhare of the e rand _ then lay 2 
| or 


} 
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for each perſon, à quantity of land equal i in value 
to his ſhare; this they effect by firft muy out a 
quantity by gueſs, and then caſting it up and 


finding it's value ;/ and if ſuch value be equal to his 
ſhare of the whole value, the dividing Foun is right; 


if otherwiſe, they ſhift the dividing line a little, 


till by trial they find a quantity Juſt equal i in value, 
to the value of the required ſnare. 


If any ſingle ſhare contains land of n dif. 
ferent values, each is meaſured ſeparately, and 


their ſeveral values found; and if the ſum of them 


be equal to the value ſought, the an is gh; ; 
if not, it muſt be altered till it is ſo. : 


Or LAYING our ANY "GLEN Otter or Lon: 


As the quantity of land is generally given in 
acres, roods, and perches, it is neceſſary, firſt, to 
reduce them to ſquare links, which ond be . 
formed by the following rule. TR 
W. reduce. eres, N 257 perches, into ſquare, 

Kue. 1 1. To the acres annex five cyphers on the 
right hand, and the whole will be links. 2, Place 
five cyphers to the right of the roods, and divide 
this by 4, the quotient will be links. 3. Place 4 
cyphers on the right hand of the perches, divide 

this by 16, the quotient will be links. 


in the given quantity:: = 
PROBLEM I. To lay out a piece land, containing 
any deſired number of acres in form of a ſquare.” |» 


This is no other than to determine: tho Ge: of'a 


ſquare, that ſhall contain any deſired number of 
acres ; reduce therefore the given number of acres 
to ſquare links, and the ſquare root thereof will be 
oy tide of the 18 required, 


Pac 


4. Theſe 
ſums added together, give the ſum of 70 ge links | 


#- 
-» 


E. * 
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PROBLEM. 2. To; lay out any. deſired quantity of 


land in form of a Wk aps te . t*s baſe 
or altitude given. 


Divide the content or area. by the given baſe, 

and the quotient is the altitude; if divided by the 
- altitude, the quotient 1s the baſe; ;/by the ſame rule 
a rectangle may he laid ou. 

PROBLEM 3. 'T o.lay out any deſired — of land, 
in form of a parallelogram, whoſe baſe Hall ” 25 3.45 
Se. times greater than it's altitude. © _— 

Divide the area by the number of times. the 
haſe 3 is to be greater than the altitude, and extract 
the ſquare root of the quotient ; this ſquare root 

Will — the required altitude, which being multi- 
plied by the number of times that the baſe is to be 
greater than the altitude, will en the ne 
the required baſe... 1 

ProBLEM 4. To lay out 4 givenquantity of land in 


form of a triangle, beving either the baſe or the ber- 
penaicular given. 


Divide the area by half the given baſe, if the 

baſe be given; or by half the given perpendicular, 

if the perpendicular be given; and the quotient 
will! be the perpendicular or baſe required. 


» PROBLEM 5. To lay out any Biden IN of land 
in 4 Had f Polygon. 


. Find in the ein table, the area of 2 

on of the ſame name with that required, the 
ſide of which is 1. 2. Divide the propoſed area 
by that found in the table. 3. Extract the ſquare 
root of the aer __ the root is the ſide of the 
polygon ae hd 


\ | 


A ) * 
S 3 ; * . ”" 
* 8 * 
TP 5 
\ : 7 9 , 4 
* 5 4 
+ 4% o on - 
* L 
- 
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1 NO. 3 

| 3 | Triangle An 

AT 9s 14 Square 18 4 8 
e Pentagon i 

| by 
n | Hexagon e 

I 7 | Heptagon | 
"> e 2 

. | 10 | Decagon 5 ere 

| | 00 11. e e 8 
Prove 6. 7 0 hy out any panty of 64 a 


"7; Divide the area by 7854. 4. Extract be 
date root of the quotient, | for the GiatneteoH re- 
Wert NE Fo TO 


4 £% 


11 PLANE ThiognonerAY, 


* Trigoncenetry | is the art of meaſuring and 
computing the ſides of plane bets. Amp of A 

whoſe ſides are right line. 

As this work is not intended to teach n 3 
ments of the mathematics, it will be ſufficient fot 
me Juſt to point out a few of the principles, and 
give the rules of plain trigonometry, "for thoſe 
caſes that occur in ſurveying. In moſt of theſe 
caſes, it is required to find lines or angles, whoſe 
actual admeaſurement is difficult or impracticable; 
they are diſcovered by the relation they bear to 
other given lines or angles, a calculation being in- 
ſtituted for that purpoſe; and as the compariſon 
of one right line with another right line, 1s more 
convenient and eaſy, than the compariſon of a 


| right 
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right line to a curye; it has been 8 3 
tageous to meaſure the quantities of angles, not by 
the arc itſelf, which is deſcribed on the angular 


point, but by certain lines deſcribed about that are. 


If any three parts of à plane triangle be given, 
any required part may be found both by conſtruc. 
tion and calculation. 

If two angles of a plane triany le are known i in 
degrees, mjnutes, &c. the third angle i is found by 
lr Fee ſum from 180 degrees, 

In a ri 
angle (in 00 rees) be taken from 90 degrees, the 
remainder Ik 5 "ref the other acute angle. 

When the kof an obtuſe angle is required, 


ſubtract ſuch 5 angle from 180 degrees, and 


take the ſine of the remainder or ſupplement. _ _ 
If two fides of a triangle are equal, a line biſec- 
ting the contained angle, will be Perpendicular 10 
the remaining ſide, and divide it equally, | 
Before the required fide of a triangle can be 
found by calculation, it's eren aue mult ar 
oe e found, 1 
The required part of a triangle muſt 1 the laſ 
wits of four proportionals, written in order under 
one another, Wheteof the three firſt Ae. given or 
a E 5 „„ 
In four Se gugniitieg, 8 of y 
| 2 be made the'laſt termg thus, let A, B, C, D, 
be proportional quantities. 
As gr to ſecond, ſo is chird te fourth, A: B:: \C: D. 
As ſecond to firſt, ſo is fourth to third, B: A:: D: C. 
As third to fourth; ſo is firſt to ſecond, C: D:: A. B, 
A fourth to third, ſo is ſecond to fixſt, DiC::B:4A, 
> ; Againſt the three fixſt terms of every propor- 
non, or ſtating, muſt be written their übe 
Ae taken ſrom the proper tables. 1 


— 


— „ @ 1 2 
þ | bf | 
— 1 „ 4 g e 
* 1 — 1 
1 + 
- 
* 


t-angled plane 5 if ejther acute 


- 
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If the value of the firſt term be taken from the 


fo of the ſecond and third, the remainder will be 
the value of the fourth term or thing required; 
becauſe the addition and ſubtraction of logarithms 
correſponds. with the i and diviſion 


of natural numbers. 


Ito the complement of the firſt value, be added 
the ſecond and third' values,' the ſum, rejecting the 


borrowed index, will be the tabular number ex- 
preſſing the thing required: this method is gene 
rally uſed when radius is not one of the propor- 
tions. . 
The complement of any logarithm, ſine, or tan- 
gent, in the common tables, is it's difference from 
the radius 10. OOO. ooo, or it's double 20.000. oO. 


Canons FOR Triconom ETRICAL Catoviarion. 


1. The following proportion is to be uſed, when 
two angles of a triangle, and a fide oppoſite to one 
of them is given to find the other fide. _ 

As the fine of the angle oppoſite the given fi f de, 


Is to the fine of the 915 W the ND | 


 ., Aide; 
So is the given fide, . 
e 


2. When two ſides, and an . oppoſite 1 to one 


of them, is given to find anvender angle, uſe the 
following rules 
As the fide oppoſite the given angie, | 
Is to the fide oppoſite the required angle "Ul 
So is the ſine of the given angle, 
To the ſine of the required angle. 


The memory will be aſſiſted in the foregoing 
caſes, by obſerving that when a fide is wanted, the 
proportion muſt begin with an angle; and when an 


angle i is wanted, it muſt begin with a 1 de. 


3. When 


1 22 F 


— Z 
_— ES == \ = 
— —— = — = ooo * = 
— — 


„ 1 


| 
5 
bf 
00 
is | 
by 
I» 
1 
vg 
| 


\ 


and the angles required. 


added to the half of A B, gives the greater ſegment 


of them. 
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3. When two ſides of a triangle, and the inclu- 
ded angle, are given, to find the ether Wen and 
hide. | 

As the ſum of the two given Sa 
Is to their difference 
So is the tangent of half the ſum of the two un- 
known angles, 
- To the tangent of half their dififrenet,;. 12 
| Half the difference thus found, added to half 
their ſum, gives the greater of the two angles, 
which is the angle oppoſite the greateſt ſide. If 
the third ſide is wanted, it may be found by ſolu- 
tion T1] 
4. The Glowing ficps and propertions are to 
be uſed when the three ſides of a triangle are given, 


Let A BC, plate 9g, fig. 30, be the triangle; make 
the longeſt fide AB the baſe ; from C, the angle 
oppoſite to the baſe, let fall the perpendicular 
CD on AB, this will divide the baſe into two 
ſegments A D, B D. 

The difference e the two ſegments i is 
found by the following proportion : 
As the baſe AB, 

Is to the ſum of the other ſides (A C 4B C); 

So is the difference of the ſides (AC — BC), 

To the difference of the ſegments of the baſe 

(AD— DB). 

Half the difference of the ſegments thus found, 


AD, or ſubtracted, Lan the leaſt D B. 

In the triangle ADC find the angle Ac 
ſolution 2; for the two ſides A D and A C are 
known, and the right angle at D is oppoſite to one 


The complement of AC D gives the angle A. 
> 6 Then 
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Then in the triangle A B C, you have two ſides 
A B, B C, and the angle at A 8 to one rg 
them, to find the angles C and B. 


Or ThE Loc ARI THVIC ScaLEs ON THE Setog 


There are three of theſe lines uſually put on the 
ſector, they are often termed the Gunter's lines, 


a - 


and are made uſe of for readily working propor- 
tions; when uſed, the ſector is to be _ 28 58 , e 


like a ſtrait rule. 

If the 1 at the beginning of the ſcale, or at the 
leſt- hand of the firſt interval, be taken for unity, 
then the 1 in the middle, or that which 1 is at the 
end of the firſt interval, and beginning of the ſe- 
- cond, will expreſs the number 10; and the 10 at 
the end of the right-hand of the ſecond interval-or 
| end of the ſcale, will repreſent the number 100. 


If the firſt is 10, the middle is 100, and the laſt. 


1000; the primary and intermediate diviſions in 
each interval, are to be eſtimated according to the 
value fet on their extremities. 

In working proportions with theſe lines, atten= 
tion muſt be paid to the terms, whether arithmeti- 


term may be of the ſame name, and the ſecond 
and fourth of the ſame name. To work a propor- 
tion, take the extent on their proper line from 
the firſt term to the third in your compaſſes, aud 
applying one point of the compaſſes to the ſecond, 


the other applied to the right or left, according as 


the fourth term is to be more or leſs than the le 
cond, will reach to the fourth. 


Example 1. If 4 yards of cloth colt 18 ſhillings, 


what will 32 yards coſt? This is ſolved by the line 


of numbers; take in your compaſſes the diſtance 
A" 4 7 and: 32, then 1 0 one foot thereof > 
* 


- Kon 
Ee EET OE i elated de ed Rel Re Se eee | | 


cal or trigonometrical, that the firſt and third 
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the ſame line at 18, and the other vill reach i. 144% the 
ſhillings required. . A 

Example 2. As radids 00 the h ypötllenuſe 120, 
ſo is the ſine of the angle 0 pole the baſe 30" 
r7' to the baſe. In this EXAmPp e, radius or the Bic 
of 90, and the ſine of 30 17 taken from the line 
of fines, and one foot being then applied to 120, 
on the line of numbers, and the other foot to the 
left will reach to 60z the length of the required 
baſe. The foot was applied to the left, becauſe the 
legs of a right-angled triangle are leſs than the by. 

othenuſe. 

Example g. As the coſine of the latitude 519 
39', (equal the fine of 38* 300 is to radius; ſo is 
the {ine of the ſun's Gecligskioft 200 14 to the ſine 
of the ſun's amplitude. Take the diſtance between 
the fines of 38 30 and 20 14 in your compaſſes; 
ſet one foot on the radius or ſine of 90°, and the 
_ other will reach to 3 31? 4 the fun' $ Apis re- 
quired. | 


Coxlovs AND USEFUL. TR1GonoMerRICAL | 
| PROBLEMS. A ere oa 


The blowing Probe though of the greateſt 
wY and ſometimes of abſolute neceſſity to the 
furveyor, are not to be found in any of the com- 
mon treatiſes on ſurveying. The maritime ſur- 
veyor can ſcarce proceed without the knowledge 
of them; not can a kingdom, province, or coun- 
ty be accurately furveyed, unleſs the ſurveyor is 

well acquainted with the uſe and application of 
them. Indeed, no, man ſhould attempt to ſurvey a 
county, ora ſea-coaſt, who is not maſter of theſe 
problems. The ſecond problem, which is pecu- 
liarly uſeful for determining the exact ſituation of 
ſands, or rocks, within ſight oh three pres upon 


land, 


* — » 
5 A+ * — 
f s \ 
. 2 
# 0 


* 


ed by Mr. Townly, and ſolved by Mr. Col- 
er Phil. Tranſ. Neg. There is no problem 


find a ation; by obſerved angles of three or more 
objets, {whoſe reciprocal diſtances are known, but 
diſtance and Og from. the rg of obſervation. 
are unknown... 9 

«Previous: to the. is of theſe. Probleme, 


of a cirele, capable of containing a. given angle, is 
neceſſary,” mp3 "will 1 clear” from the following. 
«Two objects 3 hs Gen Ange the ſane 
angle, from from ſome On of a circle paſſing through | 
thoſe 0 

«IF 6 he: angle ape: which 2 5 
de leſs than 28. the place o 
ſomewhere in the greater f. 
jects will be den under the! 
part of the ſegment. 
If the angle, under 


ie ER n nee 
TAY tho pb 


be ſomewhere, in t the 120 ſe e I 99 5 
e 


jechs will be 15 und er t 
oh eme 


the Ne 9h pou eh % 7 Wy, 
| ProBLEM.// e be. 


29, plate 5 Jegee " #4 
ee 10 
. Rise ay 


yy of Piece 1 i the 4 


N FT 


ahother 1 m 


j 


: 


e of ſolving this e is given. 


another Mel for the eaſy finding the ſegment 


be more. rhan 90% thep place-of obſervation will, 


e 
n e's 155 on Nauti a ae in which 


25 eee to BC. 3 Len Wen he. : 
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_ uſeful in ſurveying, than that by Which we 
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point C, conſtitute the angles D CB, F 0 B, GC 5, 
H C B, reſpectively equal to the difference of the 
angles of the Fee. ſegments and gd: degrees: 

the angle to be formed on the ſame fide with the 
ſegment, if the angle be leſs than go ; but on the 
oppoſite, if the angle is to be greater than 90 de. 
grees. 4. The points D, F, G, H, where the an. 
gular lines CD, CF, CG, CH, &c. interſe the 
line DE, will be the Centers of oo Fewo teg- 

ments. 

Thus, if the intended agent is to cdl 
le of 1209, conſtitute on BC, ar C, (onthe op- 


poſite ſide to which you intend the ſegment to be 


deſcribed,) the angle DC B equal to 30, the dif- 
ference between 90 and 120%; then on center D 
and radius D C, deſcribe the ſegment Q, 120, B, in 
every part of which, the two points C and B will 
ſubrend an angle of 1 20 degrees. 
If I want the fegment' to contain 80 en at 
o, on BC make an angle BC G, e 
and on the ſame ſide of BC as the intended ſeg- 


ment; then on G, with radius G C, deſcribe ſeg- 


ment C 80 B. in every part of which, C and Bull 


ſubtend an angle of 80 degrees. 
Method 2. By the ſector. 
angh draw the indefinite line DE, make AC radius, 
and with that extent open the ſector at 45 on the 
line of tangents, and ſet off on the line D E, the 
tangent of the qifference between the obſerved 
angle and go degrees, on the ſame fide as the in- 


tended ſegment, if the obſerved angle is leſs tha 


3 on che contrary ſide if more than 90 degrees. 


If the angle is of 90 degrees, A is the cemer 0. 4 


the circle, and A C the radius. 


The interſection of the line DE Sith a 7 cir- 


cle, is the center of $ aer een [0 


al 


110 degrees, 


Biſect BC as beſott, 


be mea 
then th 
found 
By e 
9, def 
taining 
af 
CDB; 
requr 
Ant 
| Plate 
BAE 
and tl 
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half the” angle of << ſcgtnent in the fit eire e. 
Hence, if the difference between the obſeryed 
angle and 90%, be more than the ſcale of tangents 
contains, find the center to double the angle ob 
ſerved; and the point where the circle cuts the in⸗ 
definite line; will be the required center. 
PROBLEM 1. To determine the poſition of a poii 
from whence three points or a Iriangh, Fane be diſcover 
whoſe diftances. are łnotun. LE 
The point is either Ga or withinthe piven 5 
triangle, or in the direction of two 2 705 of the 5 


triangle. . 
Cask 1. When the three given obje@ts form 


and the ab 5 mt or Ts 19 ; 7 is rg, is : 
without t tri ; 


D, Re 27 le 93 2 the 55 7 3 
the diſtances of the three points A, C, B, or rather 
| thethree ſides AC, CB, AB, ofthe triangle N. B, Cc > 


being given. *; | 
& ADC; eh, rift I 


In the firſt place, the in 
be meaſured by an Hadley's ſextant or theodolite ; 
then the ſituation of the point D may be reagily 
oy either by calculation or conſtrustion. 

conftrufion. Method 1. On AC, fig: 28, plate 
Gele by problem 1, 4 circle capable of con- 
aa an angle equal to the angle A dc; on CB, 
a ſegment, containing an angle equal to the 1 | 
CD Hog the Point of interſection Di is the place g 
required. 

Hmther netbud. Make the angle E B A; *t. 49, | 
| flateg, equal to the angle A DE, and the abgle 
BAE equal to the angle EDB. Through KB: 
and the interfection E, deſcribe a circle A BD: 
"OE E, C, draw FEE, and e it to far 1 


+ 


5 my ſides, to find the 
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ſe the circle at D; join A D, B 
tances AD, CD, BD, willbetherequired diſtances, 
Calculation. In the triangle A B C, are given 


B are given the angle BAE, the angles 


= 


1 AEB, and the fide AB, to, find AE and 


BE... 

In the! trian le A ED, we arg the fide A E, and 
the angles ing D, ADE, and conſequently, DAF, 
to find. 72 ſides AD. 

The angle ADE added to the angle A E a 


and then taken from 1869, gives the angle DAE. 
angle DAE, 


The angle CA E taken from the 
gives the angle C A D, and hence DC. Laſtly, 
the angle A EC taken from A EB, gives DEB, 


a7] conſequently, in the triangle D E B, we have 


„the un B. and the le EDB, to 
fi BD. FM 185 


In this me <3» by when is angle BDC isleſ 
chan that of BA be the point C will be above the 
point E; but the calculation. is ſo fimilar to the 


foregoing, as to require no articular explanation. 
points E and C fall too near to- 
gether to anbei E C towards D with certainty, 


When. the. 


the firſt 1 method of conſtruction 1s the. moſt accu- 
W 


Cask 2. 2. When the given place or fation D, fe. 


3B, plate 9, is without the triangle made by the thre 
given objefts A BC, but in à line with one of the J des 
produ ced. 


Meaſure the angle A DB, then the problem may 


be eaſily reſolved either by conſtruction or calcu- 


lation. 5 


' By 13 Subtract 50 1 7 
APD B from the angle CA B, and you obtain the 
angle A BD; then at B, on "the fide BA, draw the 

Angle 


and the dif. 


angle BA C. In the trian- 


9 


” 
898 5 


6 en 2 : np | 
ESSAYS ON GEOMETRY, Ke. N 


agle A B D, and it will meet the produced ſide 
at D; and DA, DC, DB, will be therequired 
ins . FCA" 008 
by calculation. Is the triangle A BD. the angle 
D is obtained by obſervation, the E B A H is the 
ſupplement of the angle CAB to 180%: two angles 
of the triangle being ? thus known, the third is alſo 
known ; we! have conſequentiy, in the triangle 
A BD, three angles and one ſide given to find the 
length of the other two fides, which axe Hey 
obtained dy the preceding canons ; 

Cast 3. When the tation point ts in x one of the fide ; 
of the given triangle, { tors V 

* conſtruct ion. I. Meafare the the. ang le B DC. 

ſake the angle BA E equal to He obſerved 
—5 3. Draw CD e 95 0 A. and Di is the 5 
ſtation point required. 

By calculation. Find the ang os B in ike lange 
ABC, then the angles B and BD C being known, 
we obtain D C B; and conſequently; as 150 angle 
BDC co BC, ſo is fin. angle DCB to BD. 

a CASE 4. When the tree give Plates « are. in rait 
ne. l 9 

ae Beiug at fon: near a acki ore 1 ob- 
ſerved three objects A, B, C, fig 2; plate 13, which 
were fruly laid down on my chart; I withed to 
lay down the place of a ſunken rock D; for this 
purpoſe, the angles A D B, B D © were obſerved 
with Hadley's quadrant. ; | 

y confiruFion. Method 1. "On A B, fig. 3. plate 
13, deſcribe the ſegment of a circle, capab e of 
containing the obſerved angle. A DB. On BC 
deſcribe the ſegment of a circle capable of con- 
taining the angle B D C; the point D will be at the 
interſection of the arches, and by joining D A, 


7 Ws you obtain the required liſtances. 4b 
'N 3 was Method 


* 
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 Mithad 7 45 1 che 5angls A0 1. K 8 ale 15 
885 6 A B, and the ang equal to 
BDC; and from the point der ke E. 
449 B, draw a line to DG, to interſect the 
arc ADC; join A, D; and DA, PB, 
DC, are the aa {4 22 
Þy calculation n the. 142 5 le C AE, UT 
Ala; me. have all the ang ang 2d. 

nd AE. 75 Inhetrange A TAY 

and Be inclu ded angle are to fin 

e triangle Ape Et 


angle BDC and B a7 ABE) are given, and 
Rh, and che "fide BC: 


conſequently, the angle 
hence it is eaſy to obtain D 
Case 5. When the Nation Pl within the triangle, 
formed by tbe three given objefts.  _ 
Let ABC, fe. 19, Fon 13. repreſent three 
_ towers, whoſe diſtance from each other is known; 
to find the diſtance from the tower D, meaſure the 
angles ADC, BDC, ADB. | 
 Confiruflion. On two of the given ſides A C, AB, 
fig. 20, plate 13, deſcribe ſegments of circles capable 
of containing the given angles, and the p hag D of 
their interſection, will be the required p 
Another method. Or, we may — — aa ſome 
E the foregoing caſes; making the angle A B E, 
g. 21, plate 5 equal to the angle A D E, and 
Wa equal B DE; and deſcribe a circle through 
the three points A, B. E and join E, C, by the line 
' EC; and the point P, where BC interſects the 
circle ND will be the required ſtation. 
| Cast C When the tation point D, fig. J, Plate 13, 
falls without the triangle A B C, but the point C. fall 
towards D. 
Thus, let A BC „Ag. 7, plate 13. repreſent three 
towers, whoſc reſpeckive diſtances from each other 
arc known; required their diſtance from the point 


N 


 £88AYS/ON Rains Ac. - Fe 


5 % Dx k * com- 
he . is 


" The point of Patio D y oe nents 

The point D may be readily laid Abu on 2 
draught, "by drawing on a looſe tranſparent paper 
indefinite right lines DA, DB, DC, at angles equal 

to thoſe: obſerved; which being placed on the 
draught fo as each line may paſs over, or coincide 
with, it's reſpeQive abject, the angular point D 
will then coincide with the Place of obſervation. 
Or, 

Provide. a ako fexaiciccls of braſs; TW 6 
inches in diameter, having three radii with cham- 
 fered edges, each about 20 inches long, (or as long 
as it may be judged the diſtance of the ſtations | 
from the three given objects may require) one of 
which radii to be a continuation of the diameter 
that paſſes through the beginning of the degrees 
on the ſemicircle, , but immoveably fixed to it, the 
other two moveable round the center, ſo as to be 
et and ſcrewed faſt to the ſemicircle at any angle. 
ln the center let there be a ſmall ſocket, or hole; 
to admit a pin for marking the central point on 
the draught. When the ſloped edges of the two 
moveable radii are ſet and ſerewed falt to the ſemi- 
one; at the reſpective. "6a and minutes of 

: N 4 the 
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the two obſerved angles; and the whole eg 


5 5 are malle to lie along the three ſtaſimetric 
ints each touching it's reſpective point, the 
Cefiter of the ſemicirdlè will then be in che point 
of ſtation D; which may be marked on the 
draught, through the ſocket; with a pin. Such 
an inſtrument as this may be called a fation-poin- 
Fer; and would be found convenient for find 
the point of ſtation readily and accurately, exc 
when the given objects were near: When * 


' breadth of the arch, and of the radii, and of the 


braſs about the center of the ſemitireke might hin- 
der the points to be ſeen, or the radli to be placed 


ſo as ro comprehend a very ſmall angle between 


them. T1 {UE} DAE + 3: 
© The three ſucceeding problems: may derur . in 
finding the diftantes und poſition' of the #ocks; ſands, &c. 
Hum the ſhore'; in many caſes of maritime ſurveying, 
they, are alſo very «ſerviceable in making a map of « 
counivy 7 „ from a-/eries- of eee ee frm one of 
more meaſured bases. eee e eee 
| PROBLEM' 1. Given tbe diftance of bah rb: A B, 


F 5,' late 9, and the angles A D B. B B &, BCA, 


10 550 th e Mane of the iwo flations' D. C, from th 
object A, B. 5 ent e ads een 
[hs "By tnfurn lion. Aſſume de any number at plea- 
"ſore! and make the angles bd c, a de, &c. reſpec- 
5. tively equal to the angles BD C, ADC, &c. and 
Join a b; it is plain chat this figure muſt be ſimilar 
to that required; therefore, draw A B, fig. ow 
9, equal the | i diſtance, 'and make A BC equal 
to abe, BAC to bac, and ſo on reſpectively ; join 


the points, and you have the diſtances required. 
y calculation. In the triangle a d c, we have 
de, ad c, and ac d, to find ah ac; in n bed, we have 
in 


moved on the draught until the edges of the three 


2 hed... IF® 


ed e equal the a 
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in like manner che three angles and d 0. to find db, 


be. : "ys "2 311 ; 


In thaittiangie 2 d er bade a 8. b d, and the 
angle a d b, to find a b. Hence by the nature of 


ſimilar figures, as ah to AB: de DG: ad: AD 


:>bd: B D;: 2b 6B GC. aid Men: 
PROBLEM 2. The diflances of 'three objef?s A, ? 7 


from each'other,jaud tht angles A b) C, EDE, CEB. 


CEB. l eee given, to find the Sides AD, 

DC, DE, E Com EB. not ww wo 

+ Aſſume any line d e ar pleaſure; make the angle 
ngle C DE, and angle c e d equal 

to the angle C E P: alſo the angle c d a, equal to 


= angle. C "4 A, and the angle ce b equal to the 


angle CEB; produce ada be; to anterſect each 
other at f, and join c f. 


It is evident that the figures edf e, CDFE, _ 


are ſimilar; therefore, on A C, fig. 7. Plate 9g. de- | 
ſeribe a ſegment of a circle, containing an angle 
AFC equal toafc4 and on CB a ſegment capable 
of containing an angle CFB, equal the angle cf b: 
from the point of interſection F, draw F A, F B. 
FC; make the angle F CD equal the angle fc d, 


and F CE equal the angle f c e, which completes 


the ede gen then by aſſuming d e equal 


any number, che reſt may be found as before. 
This method fails when A D is parallel to BE, 


g. 8, plate 9;; therefore, having deſcribed: the ſeg - | 
ments A DC, B C, dmw CF, to cut off a ne 


equal to the angle CDE, and the right line C G, 
to cut off a ſegmen 


G, F, will be in the right line DE; therefore, join 
f 671 5 and 


ſects the ſegments, and the Pointe D, K will be the | 


t equal to the angle C E G; 


ce the line each way, till it inter- 


ein N 11 I 
i | PronLEN 
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3 PropLEM 3. Four points B, C, D, F, fig. 9, W ji 
9, or the four fi des of a quadrilateral feure, with it's 
angles being given, and the angles BA C, BAE, A ED, 
DEF, known by obſervation ; 10 find the lation point 
A, Tr cn conſequently, the length Ss the lines AB, 


W Is. On B © deſrribe the ſegment 
of a circle, to contain an angle equal to BAC. 2. 
From C, draw the chord C M, ſo that the angle 
B CM may be equal to the ſupplement of the 
angle BAE. 3. On DF, deſcribe the ſegment of 

circle capable of containing an angle equal to 

EF; join MN cutting the two circles at A, and 

E. the required points. 

Bz) calculation. In the tria ngle B C NI. the angle 
BC M. (the ſupplement of B A E,) and the angle 
BMC, (equal B Ac and the ſide B C are given, 
whence it is eaſy to find MC. In the ſame man- 
ner, DN in the triangle D NF may be found; but 


5 the angle M CD (equal angle B C P, leſs angle 


BCM) is known with the legs MC, CD; con- 
ſequently M D, and the angle M D C, will be 

readily found. 
Ihe angle Morte ual angle CDF, leſs CDM, 
jeſs FDN,)and MD, N, are known; whence we 
find MN, and the angles DMN, DN Mr; 
'F heangle CMA, (equal DM Cadded to DMN,) 
the angle M A 3 {equal M A B added to B A C,) 
and — fide M of are giyen ; therefore, by calcu- 
lation, M A, and A C, will alſo be known. | 
In the triangie E b N, the fide DN, and the 
angles E and N are given; whence we find E N, 
ED, and canſequently AE equal MN, leſs MA, 

leſs EN. 

And in the triangle AB ol the angle A, with 
it's. 


\ 
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it's ſides AE, A C, are Wann; hence A B, and 


an le B C A, are found. 


n the triangle EF D, che angle E. with the 


ſides E D, D known, E F and the angle 
ED F will be found: E7 


Laſtly, in the triangle AC D, the angle A C D, | 


(equal BCD, leſs BCA,) and A C, CD, are given; 


hence A D is found, as in the lame manner EC: in 


the 3 EC D. 

Note. That in this problem, and in \ puiblents 1. 
and 2, if the two ſtations fall in a right line with 
either of the given objects, the problem is inde- 
terminate. As to the other caſes of this problem, 
they fall in with what has already been ſaid. 

The ſotution of this problem is general, and ma 
be uſed for the two preceding ones : for ſuppoſe 


CD the ſame point in the laſt figure, it gives the 


ſolution of problem 2; but if B, C be ſuppoſed the 


fame points D F, you obtain the ſolution of pro- 
blem J. 


PROBLEM 4 Having the n . magnetic | 


1 s of doo points A and B, fig. 10, plate 9, pro- 


nabe, al any lation 8, not very oblique to A B, 10 | 


find it's diſtance from theſe points by the needle, - 


At 8, with a good magnetic needle, take the 


| bearings of A and B in degrees, and parts of a de- 


gree; then from theſe points, draw out their reſ- 


N 8 bearings in the oppoſite direction towards 
'S; that is, if A bears exactly north, draw a line 
from the point A exactly ſouth; if it bears eaſt, 
10 or 20 degrees ſouthward, draw the line weſt, 


10 or 20 degrees northward; and ſo for any other | 


bearing, draw the oppoſite bearing of B in the 


| ſame manner, and S, the interſection of theſe twa 
points, will be the bans of ſtation, and SA, SB, the 


distances required. 


— 
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This is an eaſy method of finding the aa: 
of any ſation from two places, whoſe diſtances | 
dee been accurately « determined, before, and will 
be found very convenient in the courſe of a 5 
and on wany,,, occaſions ſufficiently exact, 
vided the places are not too remote from the "a 
tion, nor the jnterſection of the bearin 115 too ob- 
lique. If the needle be good, a diſtance of 20 
miles js not too far, when the angle ſubtended by 
the two places, is not leſs than 50 degrees, or more 
n 140. i {45-44 
\ PROBLEM, 57 To. 0 reduce angles to the center of th 
Jation. RET N : 
In ſurveys of 3 provinces, counties, &c. 
where ſignals, churches, &c. at a diftance are uſed 
for, points of obſeryation, it very often happens 
that the inſtrument cannot be placed exactly at 
the center of the ſignal or mark of obſeryation; 
conſequently, the angle obſerved, will be either 
greater, leſs, or equal to that which would have been 
found. at the center. This problem ſhews how to 
reduce them to the, center; the correction ſeldom 
amounts to more than a few ſeconds, and is therte, 
fore ſeldom conſidered, unleſs where great accu- 
racy is required, c 
The obſerver may b 1 in three dif. 
ferent poſitions with reſpect to the center, and the 
objects; for he is either in a line with the center, 
and one of theſe objects, or in an intermediate 
one, that i is, a line ron this center to the obſerver _ 
produced, eus pals $ between the objects; or he is, 
laſtly, in an ob blique direction, ſo that a line from 
the center to him would paſs without the objects. 
In the firſt poſition, fig. 11, plale 9, where the 
obſerver is at o, between the center and one of the 
qbjefts, the exterior angle m o n is greater oy 
me 


— 


* 
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therefore, taking e mo from the obſerved angle, 
ou have that at the center.. N 


> 7 * * 
I 1 * 


to have the angle m en ar the, bek... 
, draw a o, and the exterior ang 


. „ M84 | | 1. 1+ 5 ITALIC RENTS EETLEE 
angle u at the center by the angle m, and the 


% A * 
1022 


added to the obſerved angle 
_ .Goſe. 3. Hg. 13, plate 9g. When the obſerver is 

at o having meaſured the angles mo n, mo e, the 
angle 118 exterior to the two triangles mo i, nei; 
therefore, to render m e n, equal to m ĩ n, we muſt 
add the angle n; and to render the exterior angle 
min, equal to the obſerved angle mon, ve muſt 
take away the angle m; therefore, adding m to the 
obſerved angle, and ſubtracting n from tHe total, 
we obtain the central angle men. 


oy 


From what has been ſaid it is clear, chat in the 
firſt caſe, you are to add or ſubtract from the ob- 


ſerved. 
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ſerved angles, that of the angles f or n, 1 is 
not in the direction of the obſerver. _ 

In the ſecond poſition, you have either to ſub. 

tract or add the two angles m e n. 5 

In the third poſition, you add to the obſerved 

angle, that of the two in or n, which is of the 

ſame fide . with the obſerver, and ſubtract the 
other. 

= o know the poſition of the Gerit, care 

ſt be taken to meaſure the diſtance of the in- 

| uten from the center, and the angle this cen- 

| ter makes with the objects. 

An inſpection of the figures i is ſufficient to ey 6 
how the value of the angles m n may be obtained. 
Thus, in the triangle moe, we have the angle at 
o, the diſtance o e, and the diſtances e m, o m, 
| (which are conſidered as equal, ) given. 


Or THE Rivverios OF TRIANGLES, RON 
ONE PLANE TO ANOTHER. * 


After the reduction of the obſerved nies to the | 
center of each reſpective ſtation, it is generally 
neceſſary to reduce the parts of one, or of ſeveral - 
triangles to the ſame level. 

Caſe 1. Let us ſuppole the three points A, P, E, 
fig. 15, plate 9, to be equally diſtant from the center 
of the earth, and that the point R is higher than 
theſe points by the diſtance or quantity E ; now 


i ĩt is required to reduce the ee APR to that 


of APE. 

By the following rule, you may nes the 
angles RAP, RPA, which have their ſummits 
in the plane of eration," to the angle EP A, 


EAP. 
| Rue. 


+ + ,* Traite de Trigonometrie, par Cagnoli, 


- 


Lo 


* * 
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Raule. The coſine of the reduced angle- is equal 
to the coſine of the obſerved angle, divided by 
the coline of the angle of pa ran 
Theſe two angles bei 

conſequently known ; We all; however, give 4 
rule for finding'A E P, ind depend 
| two. ene ee 


to the coſine of the obſerved angle, lefſened by 
the rectangle of the lines of: the angles of eleva- 


tion, divided by the ; dan Je of che "ANG 1 
lame angles. Ei REY ee N e 


The reduction of the fes can he no „dee 


Caſe 2. Fig. 1½, plate 9. Let. A Rur be the tri- 


angle to be feduced to the plane A E e, the 8 
E, e, of the vertical lines RE, re, being h 
equally diſtant from the center of the cath, + 
Prolong the plane A Ee to P, that is, till it meets 
the line Rr produced to P. and the value of 
E A e will be found by the following forrmults, 
1. Tang. 1 (PARA EAr) = tang. RAr & 
tang. 4 ( AESrac 950 N 
KE re Knoping the half ſum 
and half difference PAR and P Ar, we obraitr 
the value of each ofthe angles; the value of PAE 
and P A e, may be then obtained by the fitſt'of the 
two preceding rules, and the difference between 
them is the angle agb. * e 
let C, g. 16, plate 9, be the center 
earth, let A B be the fide of a triangle reduced wo 


a common horizon by the preceding methods; if. 


it be requited to reduce this to the plane BE, as 
theſe planes are parallel, the angles” will remain 
the fame; therefore, the ſides only are to be te- 


duced,” the "mode of A which is evident 


rom the do. are 125 
| Method 


known, the & wird is 


47 a * 5 * 


Kale Me Gti: If M Gettin cit: is «quilt 


"If le | 


= 
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. | Method of referring a ſeries of triangles 10 4 meridia 
has, and another line perpendicular ſo it. | 
This method will be found ſomewhat fimilar to 
Mr. Gale's, deſcribed at full in the article of ſur. 
veying; it is a mode that ſhould be adopted 
wherever extreme accuracy is required, for what. 
ever care is taken to protratt a ſeries of triangles, 
the protractor, the points of the compaſſes, tze 
thickneſs of the line, the inequality of the paper, 
&c. will produce in the fixing of the points of a 
triangle an error, which though ſmall ar firſt, will 
have it's influence on thoſe that ſucceed, and be- 
come very ſenſible in proportion as the number 
of triangles is augmented. This multiplication of 
errors 1s avoided-by the _— problem.. 
Let A B, fig. 14, plate 9, be the meridian, SD 
the perpendicular, and the triangles o a d, dae, 
e 555 e g i, gil, thoſe that have been obſerved; 
| the point o, (which is always ſuppoſed to be 
meridian, or whoſe relation to a meridian is 
= obſerve the angle Boa, to know how 
much the point a declines from the meridian. 
In the right-angled triangle o B a, we have the 
| angle Boa, and the right angle, and conſequently 
the angle o B, ab, together with the tide 98,50 find 
O B, and B A. | 
For the point d, add the angle Bo a to the ob- 
ſerved Eo a0d, for the Z.dob,or it's equal odm, 
and the complement i is the angle mod, Mme as 


before, to find om and md. 


For the point g, add the angles m 4 0, 0 od a, 
ade, and e d g. which ſubtract from 360, to ob- 
| tain the angle g d r, of the right-angled triangle 
-gdr; hence we alſo readily, as in the preceding 
triangles, obtain rg mt, which added to mo, 
| gives to the diſtance from the meridian. Ben we 

| obtain 
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equal g t, the diſtance fr On the perpendicular. un 
For the point a, take the right angle r d f, from 
the two angles rd i, rd gi and the remainder is they 
angle fd e of the right- angled triangle d fe; hence 
we obtain f e d and df. which added to d b gives 
bf, equal to x e, the diſtance from the nieridian j. 

from the ſame right -· angled triangle We obtain f e, 
which added to fn, equal to d m, gives e n, the diſ- 
tance from the perpendicular. ©; obne i 5A 

For the point i, add together the angles rg d. 


angle rg hy and you obtain the angle g. of the 
right angled triangle gi h, i, and conſequentiy the 
angle i ; hence alſo we get hai, equal t p, Which 
| added to t o, gives op diſtance from the meridian; 

and gh, from which ſubtracting g t, we obtain th, 
equal p i, diſtance; from the perpendicula. 


pgs 77259 


4 | 


For the point l, the angle h ge added to the 


angle g KI, and of courſe the angle g K, whence 
we obtain K Lor t y, which added to to, gives o 
diſtance from the meridian; hence we alſo obtain 
gK, which taken from gt, gives K t, equal. 
diſtance from the perpendicular. 


se SIQUE ffs 

| If, before the operation, no fixed - meridian, was 

given, one may be aſſumed as near as poſſible, from 

the point o; for the error in it's poſition, will not 

at all influence the reſpective poſi 
. 


angles. 
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Or ö 


THE practice of 3 may be conſidered 
as conſiſting of four parts. - Meaſuring ſtnit 
lines. 22 * the * of ſtrait lines with 
reſpect to each =. wa 3- Laying down or plan. 
ning upon paper theſe poſitions and meaſure, 
4. Obtaining the uperiicial meaſure of the land 
to be ſurveyed. 

We may therefore define land ſurveying to be 
the art which teaches us to find how many timez 
any cuſtomary meaſure is contained in a given 
piece of ground, and to exhibit the true boundaries 
thereof, in a plan or map. 

A ſation line is a ſtrait line, whoſe length is ac- 
curately aſcertained by a chain, and the bearing 
determined by ſome graduated inſtrument. 

An offset is the diſtance of any angular point, in 
the boundary from the ſtation line, meafured bya 
line perpendicular thereto. 

The curvature of the earth within the limits of 
an ordinary ſurvey, is ſo inconſiderable, that it's 
ſurface may be ſafely conſidered by the land ſur- 
veyor as a plane. Ina large extent, as a province, 
or a kingdom, the curvature of the earth's ſur- 
face becomes very conſiderable, and due allou- 
ance muſt be made for it. 

All planes, how many ſides ſoever they conſiſt 
of, may be reduced into triangles, and may there- 
fore be conſidered as compoſed thereof; and con- 
ſequently what is required in ſurveying, are ſuch 
| inſtruments as will meaſure the length of a ſide, 

and the e of an * of a n. 


GENERAL 


* — — * 


— 
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GrneRAL RuLzes. | 


A few general obſervations, or hints, can only be 
expected in this place; for after all that we can 135 
the ſurveyor muſt depend on his own judgment 
for contriving his work, and his own ſkill in diſ- 


criminating, among various methods, that which i Is 


beſt. | 
The firſt buſineſs of the ſurveyor is, to take 
ſuch a general view of the ground to be ſurveyed, 

as will fix 4 map thereof in his mind, and thence 


determine the ſituations for his Ration lines, and 


the places where his inſtruments may be uſed to 
the greateſt advantage. | 

Having ſettled the plan of operations, his next 
buſineſs is to examine his inſtruments, and ſee 
that they are all in proper order, and accurately ad- 


juſted. He ſhould meaſure carefully his chain; 


and if there be any errors therein, correct them ; 
prepare ſtaves, marks, &c. for diſtinguiſhing 
the ſeveral ſtations. | 

The fewer ſtations that can be made uſe of, the 


leſs will be the labour of the ſurvey ; it will alſo be 
more accurate, leſs liable to miſtakes while inthe 


field, or errors when plotting the work at home. 
The ſtation lines ſhould always be as long as. 


_ poſſible, where it can be done without rendering 


the offsets too large; where great accuracy is re- 
quired, theſe lines ſhould be repeatedly meaſured, 
the firſt great point being the careful menſuration 
of your ſtation lines, the ſecond to determine the 
lituation of places adjoining to them. For every 


ſtation line is the baſis of the ſucceeding operations, 


and fixes the ſituation of the different parts. | 
The ſurveyor ſhould ſo contrive his plan, as to 
avoid the multiplication of ſmall errors, and par- 
O 2 es ticularly 
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ticularly thoſe that by communication will ex. 
tend themſelves through the whole operation. It 
the eſtate be large, or if. it be ſubdivided into a 
great number of fields, it would be improper to 
ſurvey the fields ſingly, and then put them to- 
gether, nor could a ſurvey be accurately made by 
taking all the angles and boundaries that incloſe it. 


If poſſible, fix upon for ſtation points two or more 


eminent ſituations in the eſtate, from whence the 
principal parts may be ſeen; let theſe be as far diſ 
tant from each other as poſſible; the work will 
be more accurate when but few of theſe ſtations 
are made uſe of, and the ſtation lines will be more 
convenient, if chey are ſituated near the boundaries 
of the eſtate. 

Marks fhould be erected at the interſection of 
all hedges with the ſtation line, in order to know 
where to meaſure from, when the fields are ſur- 
veyed. All neceſſary angles between the main ſta- 
tions ſhould be taken, carefully meaſuring in a right 
line the diſtance from each ſtation, noting down, 


while meaſuring, thoſe diſtances where the lines 


meet a hedge, a ditch, &c. If any remarkable ob- 
ject be ſituated near the ſtation line, it's perpendi- 
cular diſtance therefrom ſhould be aſcertained; 


in the ſame manner, all offsets from the ends of | 


hedges, ponds, houſes, &c. from the main ſtation 
line Thould be obtained, care being taken 'that all 
obſervations from the ſtation line, as the meaſure 


of angles, &c. be always made from pon in che 
ſtation ine. 


When the main ſtations, and every thing adjoin- 


ig to them, have been found, then the eſtate may 


be ubdivided! into 2 or 3 parts by hew ſtation lines, 


fixing the ſtations where the beſt views can be ob- 
tained; theſe ſtation lines muſt be accurately 
pod, -- meaſured, 


— 


a 
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meaſured, and the places where they. interſect 
hedges be exactly aſcertained, and all the neceſſary 
offsets determined. 
© This effected, proceed to ſurvey the adjoining 
fields, by obſerving the angles that the ſides make 
with the ſtation lines at their interſeQions there- 
with; the diſtances of cach corner of the field 
from theſe Interſections, and that of all neceſſary 
offsets, | | | 
Every thing that could be determined from 
theſe 1 75 being found, aſſume more internal 
ſtations, and thus continue to divide and ſubdi- 
vide, till at laſt you obtain ſingle fields, repeating 
the ſame operations as well for the inner as exte- 
rior work, till all be finiſned. | 
Every operation performed. and every ober. 
tion made, is to be carefully noted down as the 
data for fixing the ſituations upon the plan. The 
work ſhould be cloſed as often as convenient, and 
in as few lines as poſſible; what is performed i in 
one day ſhould be carefully laid down every 
night, in order not only to diſcover the regular 
proceſs of the work, but to find whether any cir- 
cumſtance has been neglected, or any error com- 
mitted, noticing in the field- book how one field 
lies by another, that they may not be ai ee in mn - 
the draft, OS . 
If an eſtate be fo ſituated, that the whole cannot 
be ſurveyed together, becauſe one part cannot be 
ſeen from the other, divide it into 3 or 4 parts, 
and ſurvey them ſeparately, as if they were lands 
belonging to different Perſons, and at laſt Join 
them togetner. N 
As it is thus neceſſary to lay down the work as 
you proceed, it will be proper to find the moſt 
convenient ſcale for this purpoſe : to obtain this, 
03 wealure 
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meaſure the whole length of the eſtate in chains, 
then conſider how many inches long your plan i in 
to be, and from theſe conditions you will. aſcer. 
tain how many chains you muſt have in an inch, 

and thence chooſe your ſcale. 

In order that the ſurveyor may prove bu Work, 
and ſee daily that it goes on right, let him chooſe 
ſome conſpicuous object that may be ſeen from all 
or greater part of the eſtate he is ſurveying, and 
then meaſure with accuracy the angle this object 
makes, with two of the age | convenient ſtations in 
the firſt round, entering them in the field book 
or ſketch were they were taken; when you plot 
your firft round, you will find the true ſituation of 
this object by the interſection of the angles, 
Meaſure the angle this object makes, with one of 
your ſtation lines in the ſecond, third, &c. rounds: 
theſeangles, when plotted one day after another, will 
interſect each other in the place of the object, if 
the work be right; otherwiſe ſome miſtake has 
been committed, which muſt be corrected before 
the work is carried any further. 4, 

Fields plotted from meaſured lines only, are al- 
ways plotted neareſt the truth, when thoſe lines form 
at their meeting, angles, nearly approaching to right 
angles. 


Or THE MOST ADVANTAGEOUS CIRCUMSTANCES | | 
' FOR A SERIES OF TRIANGLES. 


The three angles of every triangle ſhould always, 
if poſſible, be meaſured. 

As it is impoſſible to avoid ſome degree of error 
in taking of angles, we ſhould be careful ſo to 
order our operations, that this error may have the 
leaſt poſſible influence on the ſides, the exact mea- 
ſure of which is the end of che operations. 6 


4* 
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- Now in a right-lined triangle, it is nec eſſary to 
have at leaſt one fide meaſured mediately or im- 
mediately; the choice of the baſe is therefore the 
fundamental optration; the determinations will 
be moſt accurate to find one ſide, when the baſe is 
equal to the fide required; to find two fides, an 
equilateral triangle is moſt ad vantageous. 
In general, when the baſe cannot be equal to 
the fide or ſides ſought, it ſhould be as long as 

poſſible, and the angles at the baſe ſhould be equal. 
_ In any particular cafe, where only. two angles of 
a triangle can be actually obſerved, they ſhould be 
each of them as near as poſſible to 4592; at any rate 
their ſum ſhould not differ much from go“, for 
the leſs the computed angle differs from 99%; the 
leſs chance there will be of any conſiderable error 
Were, 25 o; ld oa 
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DescRIPTION OF THE VARIOUS INSTRUMENTS 
USED IN SURVEYING, AND THE METHOD or 
APPLYING THEM TO PRACTICE, AND EXAMIN= 
ING THEIR ADJUSTMENTS, 1 

The variety of inſtruments that are now made 
uſe of in ſurveying is ſo great, and the improve- 
ments that have been made within theſe few years 
are ſo numerous, that a particular deſcription of 
each is become neceſſary, that by ſeeing their reſ- 
pective merits or defects, the purchaſer may be 
enabled to avail himſelf of the one, and avoid the 
other, and be alſo enabled to ſelect thoſe th are 
beſt adapted to his purpoſes. „ 

The accuracy of geometrical and trigonumetri- 
cal menſuration, depends in a great degree on the 
exactneſs and perfection of the inſtruments made 
uſe of; if theſe are defective in conſtruction, or dif- 
ficult in uſe, the ſurveyor will either be ſubject to 

De: error, 
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error, or embarraſſed with continual obſtacles, If 
the adjuſtments, by which they are to be. rendered 
fit for ohſervation, be troubleſome and inconve. 
nient, they will be taken upon truſt, and the inſtru- 
ment will be uſed without examination, and thus 
ſubject the ſurveyor to errors chat he « Can neither 
account for, nor correct. 

In the preſent ſtate of f Ecelh it may Wo laid 
own as a maxim, that every inſtrument ſhould be 
ſo contrived, that the obſerver may eaſily examine 
and rectify the principal parts; for however care- 
ful the inſtrument-maker may be, however perfect 

the execution thereof, it is not poſſible that any 
inſtrument ſhould long remain accurately fixed 
in the poſition in which it came out of the maker's 
hands, and therefore the principal parts ſhould be 
moveable, to be rectified occaſionally by the obſer. 


Ver. "© 


Ax ENUMERATION or INSTRUMENTS, NECESSARY 
| rok A SURVEYOR ; 


Fewer or more of which will be wanted, 
according to the extent of his work, and the AC- 
Curacy required. _ 


A caſe of good pocket inſtruments. 
A pair of beam compaſſes. | 
A ſet of plotting ſcales. 

Three or four parallel rules, either thoſe of Ii 
C, p/ale 2, or fig. F GH, plate 2. 

A pair of pr oportionable compaſies, 
A pair of triangular ditto. 

A pantographer. 

A croſs ſtaff. Tt 

A circumferenter. | 3 
Hadley's ſextant. 
A theodolite. 


A ſurvey ing compaſs. 


Meaſuring 
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Meaſuring chains. 
King's ſurveying; bo 

A meaſuring wheel. 

A ſpirit level. © 
Station Raves for the * 7 13 5 
. protractor, with or without a a nonius. ge! 


4 
W 4 S * * 


To theſe ſhould be added for county and marine 
ſurveying : 


Ge 


1 
# 


An aftronomical quadrant... 3 | l 
A good reſracting and reflecting x ele bebe. 
A copying glass. 1 


For marine ſurveying. 


A ſtation pointer. | 
An en —— et e mb? 2 083; 


4 


Beſides theſe. Aa CLONE of dared ods. iron 
pins, or arrows, &c. will be found very convenient, 
and two or three offset ſtaves, which are ſtrait 
pieces of wood, ſix feet ſeven inches long, and 
about an inch and a quarter ſquare; they ſhould be 
accurately divided into ten equal parts, each of 
which will be equal to one link. Theſe are uſed 
for meaſuring offsets, and to examine and adhuſt 
the chain. 


Five or 6 ſtaves of about 5 feet in length, and 


12 inch in diameter, the upper part painted white, 
the lower end ſhod with 1 Iron, to be ſtruck. in the 
ground as marks. 


Twenty or more arrows, ten of which are al- 
ways wanted to uſe with the chain, to count the 
number of links, and preſerve the direction of the 


chain, ſo that the diſtance meaſured may | be really 
in a ſtrait line. WY 8 
Or 


| 
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Or THE INSTRUMENTS USED id MEASURING 
62 STRAIT LVS. 


Or THE Crain, _ 


* I 5 . k 


< 


The length of a ſtrait line muſt be found me. 
chanically by the chain, - previous to aſcertaining 
any diſtance by trigonometry: on the exactneſs of 


this menſuration the truth of the operations will 


depend. The ſurveyor, therefore, cannot be too 
careful in guarding | againſt rectifying, or making 
allowances. for every poſſible error; and the chain 
ſhould be examined previous and ſubſequent to 
every operation, 135 „ 

For the chain, however uſeful and neceſſary, is 
not infallible, it is liable to many errors. 1. In 
itſelf. 2. In the method of uſing it. 3. In the 


uncertainty of pitching the arrows; ſo that the 
ſurveyor who wiſhes to obtain an accurate ſurvey, 


will depend as little as poſſible upon it, uſing it 


only where abſolutely neceſſary as a baſis, and then 
with every poſſible precaution. 

If the chain be ſtretched too tight, the rings 
will give, the arrow incline, and the meaſured baſe 
will appear ſhorter than it really is; on the other 
hand, if it be not ſufficiently ſtretched, the meaſure 
obtained is too long. I have been informed, by 


an accurate and very intelligent ſurveyor, that 


when the chain has been much uſed, he has gene- 
rally found it neceſſary to ſhorten it every ſecond 


or third dax. 
Gunter's chain is the meaſure univerſally adopted 
in this kingdom for the purpoſes of land- ſurveying, 
being exceeding well adapted for the menſuration 
of land, and affording very expeditious methods 
of caſting up whar is meaſured; It is 66 feet, or 
4 poles in length, and is divided into 100 links, 
each link with the rings between them is 7.92 we 

| ches 
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ches long, every tenth link is pointed out by 
| pieces of braſs of different ſhapes, for the more 
ready counting of the odd links. Ny 
The Engliſhacre is 4840 ſquare yards, and Gun- 
ter's chain is 22 yards in length, and divided into 
100 links; and the ſquare chain, or 22 multiplied; 


by 22, gives 484, exactly the tenth part of an acres 


| and ten chains ſquared are equal to one acre ; con- 
ſequently, as the chain is divided into 100 links, 
every ſuperficial chain contains 100 multiplied 
by 100, that is, 10.000 ſquare links; and 10 ſuper- 
ficial chains, or one acre, contains 109.000 ſquare 
If, therefore, the content of a field caſt up in 
ſquare links be divided by 109.000, or (which is 
the ſame thing) if from the content we cut off the 
| five laſt figures, the remaining figure towards the 
left hand, gives the content in acres, and conſe. 
| quently the number of acres at firſt ſight; the re- 
maining decimal fraction, multiplied by 4, gives 
the roods, and the decimal part of this laſt product 
multiplied by 49, gives the poles or perches. _ 
Thus, if a field contains 16, 54321 ſquare links, 
we ſee immediately that it contains 16 acres. 
$4321 multiplied by 4, gives 2,17284, or 2 roods 
and 17284 parts; theſe multiplied by 40, produce 
6,91360, or 6 poles, 91360 parts. 
Directions for uſing the chain. Marks are firſt to 
be ſet up at the places whoſe diſtance is to be ob- 
tained; the place where you begin may be called 
your firſt ſtation; and the ſtation to which you 
meaſure the ſecond ſtation: two perſons are to 
hold the chain, one at each end; the foremoſt, or 
chain leader, muſt be provided with nine arrows, 
one of which is to be put down (perpendicularly) 
at the epd of the chain when ſtretched out, and 
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to be afterwards taken up by the follower, 
way of keeping an account of the number of 
chains. When the arrows have been all put down 
the leader miſt wait till the follower brings him 


the arrows, then proceeding onwards as before, 
but without leaving an arrow at the tenth exten. 


tion of the chain. In order to keep an account of 
the number of the times which the arrows are 
thus exchanged, they ſhould each tie a knot on a 
firing carried for that purpoſe (and which may be 
faſtened to the button or button-hole of the coat): 
they ſhould alſo call out the number of thoſe ex. 


them. | 
© It is very neceſſary, that the chain-bearery 
ſhould proceed in a ſtrait line; to this end, the ſe- 
cond, and all the ſucceeding arrows, ſhould always 


changes, that the ſurveyor may have a check on 


be ſo placed, that the next foregoing one may be 
in a line with it, the place meaſured from, and 


that to which you are advancing; it is a very good 


method to ſet up a ſtaff at every ten chains, as well 
for the purpoſe of a guide to pteſerve the rectili. 


near direction, as to prevent miſtakes, 
All diflances of offsets from the chain line to 
any boundary which are leſs than a chain, are moſt 
conveniently meaſured by the offset ſtaff; the meaſure 
muſt always be obtained in a direction perpen- 
dicular to the chain. n 


The ſeveral problems that may be ſolved by 
the chain alone, will be found in that part of the 
work, which treats of practical geometry on the 


 DgscrIpTION AND USE or THE, SURVEYING 


QUADRANT, FOR ADJUSTING. AND REGULATING 
TE MEASURES OBTAINED BY THE: CHAIN 


WHEN 
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Ga % 


WHEN USED. ON HILLY GROUND, INVENTED BY 
; | I 5 a... 7 


R. KI xo, SURVEYOR, 5 


* 


There are two circumſtances to be conſidered 
in the meaſuring of lines in an inclined ſituation: 
the firſt regatds the plotting or laying down. the 
meaſures on paper; the /econd, the area or ſuper- 
ficial content of the land. With reſpect to the 
firſt, it is evident that the oblique lines will be 
longer than the horizontal ones, or baſe; if there- 
fore the plan be laid down according to ſuch 


meaſures, all the other parts thereof would be 


thereby puſnied out of their true ſituations; hence 
it becomes neceſſary to reduce the hy pothenufal 
lines to horizontal, which is cafily effected by Mr. 
neonate PTIETTINT ERgE 

With reſpect to the area, there is a difference 
among ſurveyors ; ſome contending that it ſhould 
be made according to the hypothenuſal, others 
according to the horizontal lines: but as all are 
agreed to the neceſſity of the reduction for the firſt 
purpoſe, we need not enter minutely into their 
reaſons here; for even if we admit, that in ſome 
caſes more may be grown on the hypothenufal 
plane than the horizontal, even then the area 
ſhould be given according to both ſuppoſitions, as 


the hilly and une ven ground requires more labour 


in the working. 


The quadrant AB, fig. I, plate 14, is fitted to a 


wooden ſquare, which flides upon an offset ſtaff, 
and may be fixed at any height by means of the 
ſerew C, which draws in the diagonal of the ſtaff 
thus embracing the four ſides, and keeping the 
limb of the ſquare perpendicular to the ſtaff; 


the ſtaff ſhould be pointed with iron to prevent 


wear; when the ſtaff is fixed in the ground on the 
l d UE G1 21153 DIG Hu ſtation 


© i * 
1 


— 
OA 


# 3 
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Ration line, the ſquare anſwers the purpoſe of 4 
croſs ſtaff, and may, if deſired, have fights fitted to 


it, = | | 5 „„ 
I)!ube quadrant is furniſhed with a ſpirit level, 
and is faſtened to the limb D E of the ſquare, by 
the ſcrew G. 

When the ſeveral lines on the limb of the quad. 
rant, have their firſt diviſion coincident with their 
reſpective index diviſions, the axis of the level is 
parallel to the ſtaff. | 
The firſt line next the edge of the quadrant is 
numbered from right to left, and is divided into 
100 parts, which ſhews the number of links in the 
horizontal line, which are completed in 100 links 
on the hypothenuſal line, and in proportion for 
any leſſer number. 9 | OL. | 

The ſecond, or middlemoſt line, ſhews the num- 
ber of links the chain is to be drawn forward, to 
render the hypothenuſal meaſure the ſame as the 
horizontal,  . - 

The third, or uppermoſt line, gives the perpen- 
dicular height, when the horizontal line is equal to 
100. | | | | 

To uſe the quadrant. Lay the ſtaff along the 
chain line on the ground, ſo that the plane of the 
quadrant may be upright, then move the quad- 
rant till the bubble ſtands in the middle, and on 
the ſeveral lines you will have, 1. The horizontal 
length gone forward in that chain. 2. The links 


to be drawn forward to complete the horizontal 


chain. 3. The perpendicular height or deſcent 
made in going forward one horizontal chain. 
The two firſt lines are of the utmoſt importance 


in ſurveying land, which cannot poſſibly be plan- 


ned with any degree of accuracy without having 


the horizontal line, and this is not to be e 
by 
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by any inſtrument in uſe, without "much loſs of 


time to the ſurveyor. For with this, he has only 
to lay his ſtaff on the ground; and ſet the quadrant 
till the bubble is in the middle of the ſpace, which 
is very ſoon performed, and he faves by it more 
time in plotting his ſurvey, than he can loſe in the 
field; for as he completes the horizontal chain as 
he goes forwards, the offsets are always in their right 
places, and the field book being kept by horizontal 
meaſure, his lines are always ſure to cloſe. _ 
If the ſuperficial content by the hypothenuſal 
meaſure be required for any particular purpoſe, he 
has that likewiſe by entering in the margin of his 
field-book the links drawn forward in each chain, 
having thus the hypothenuſal and horizontal length 
of every line. 5 . 
The third line, which is the perpendicular height, 
may be uſed with ſucceſs in finding the heights of 
timber; thus meaſure with a tape of 100 feet, the. 
ſurface of the ground from the root of the tree, 
and find, by the ſecond line, how much the tape is 
to be drawn forward to complete the diſtance of 
100 horizontal feet; and the line of perpendiculars 
ſhews how many feet the foot of the tree is above 
or below the place where the 100 feet diſtance 
is completed. og $10 
Then inverting the quadrant by means of ſights 
fixed on the ſtaff, place the ſtaff in ſuch a poſition 
as to point to that part of the tree whoſe height you 
want; and ſlide the quadrant till the bubble ſtands 
level, you will have on the line of perpendiculars 
on the quadrant, the height of that part of the tree 
above the level of the place where you are; to 
which add or ſubtract the perpendicular height of 


* 1 


the place from the foot of the tree, and you obtain 
mie height required. e 


Or 


— | 
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Or Tax 1Myroved MEASURING WERL. 


| ay if re 
A meaſuring wheel conſiſts of a wheel of wood, dexe 
 ſhod or lined with iron to prevent the wear; a any 
ſhort axis is fixed to this wheel, which communi. anot 
cates motion to the wheel work, included in the F 
body of the inſtrument. - E road 
In this inſtrument, the circumference of the is r. 
wheel is 8 feet 3 inches, or half a pole; one revo- nam 
lution of this wheel turns a ſingle- threaded worm by 
once round; the worm takes into a wheel of 80 hills 
teeth, and turns it once round in 80 revolutions; whe 
on the ſocket of this wheel is fixed an index, the 
which makes one revolution in 40 poles, or one but 
furlong ; on the axis of this worm is fixed another any 
worm with a ſingle thread, that takes into a wheel the 
of 40 teeth; on the axis of this wheel is another me: 
worm with a ſingle thread, turning about a wheel is r 
of 160 teeth, whoſe ſocket carries au index that fro 


makes one revolution in 80 furlongs, or ten miles. 
On the dial-plate there are three graduated circles, 
the outermoſt is divided in 220 parts, or the yards 
in a furlong; the next into 40 parts, the number of 
les in a furlong; the third into 80 parts, the 
numder of furlongs in ten miles; every mile being 
diſtinguiſhed by it's proper Roman figure. 

This wheel is much /uperior to thoſe hitherto 
made, becauſe the worms and wheels act without 
ſhake, and as they have only very light indexes to 

carry, move with little or no friction, and are 
therefore not liable to wear or be ſoon out of order, 


which is not the caſe with the general number of fo 

thoſe that are made, in which there is a long train pl 

| of wheels and pinions, and confequently a great th 
4 deal of ſhake and friction. 2. The diviſions on ri 
the graduated circles are at a much greater dif- Ic 


6 tance 
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tance, and may therefore be ſubdivided into feet 
if required. 3. The meaſure ſhewn by the in- 
dexes is far more accurate, as there is no ſhake nor 
any loſs of time in the action of one part or 
another. a; Ee 

This inſtrument is very uſeful for meaſuring 
roads, commons, and every thing where expedition 
is required; one objection is however made to it, 
namely, that it gives a meaſure ſomewhat too long 
by entering into hollows, and going over {mall 
hills; this is certainly the caſe ; the meaſuring 
wheel is not an infallible mode of aſcertaining 
the horizontal diſtance between any two places ; 
bur then it may with propriety be aſked whether 
any other method is leſs fallible? whether upon 
the whole and in the circumſtances to which the 
meaſuring wheel is uſually appropriated, the chain 
is not equally uncertain, and the meaſure obtained 
from it as liable to error, as that from the wheel. 


Or Tus SURVEYING Cross, Ag. 2, plate 14. 


The croſs conſiſts of two pair of ſights, placed 
at right angles to each other : theſe ſights are 
ſometimes pierced out in the circumference of a 
thick tube of braſs about 2 inches diameter, as in 
fig. 3, plate 14. Sometimes it conſiſts of four 
lights ſtrongly fixed upon a braſs croſs ; this is, 
when in uſe, ſcrewed on a ſtaff having a ſharp 
point at the bottom to ſtick in the ground; one of 
this kind is repreſented at fig. 2, plate 14. 

The ſurveying croſs is a very uſeful' inſtrument 
for placing of offsets, or even for meaſuring ſmall 
pieces of ground; it's accuracy entirely depends on 
the placing the fights, which are to be exactly at 
right angles to each other. It may be proved by 
looking at one object through two of the _— 

E 


as AB along the fide of the foregoing line, and 


| 
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and obſerving at the ſame time, without moving 
the inſtrument, another object through the other 
two ſights ; then turning the, croſs upon the ſtaff 
look at the fame objects through the oppolite 
ſights ; if they are accurately in the direction of 
the fights, the inſtrument is juſt, 

It is uſual, in order to aſcertain a crooked line by 
offsets, firſt to meaſure a baſe or ſtation line in the 
longeſt direction of the piece of ground, and while 
meaſuring, to find by the croſs the places where 
perpendiculars would fall from the ſeveral corners 
and bends of the boundary; this is done by trials, 
fixing the inſtrument ſo that by one pair of ſighs 
both ends of the line may be ſeen ; and by the other 
pair, the correſponding bend or corner; then mea- 
furing the length of the ſaid perpendicular. To 
be more particular, let A, h, i, K, I, m, fg. 35, Plale q. 
be a crooked hedge or river; meaſure a ſtrait line 


while meaſuring, obſerve when you are oppolite to 


any bend or corner of the hedge, as at c, d, e; from 


thence meaſure the perpendicular offsets, as at ch, 
d i, &c. with the offset ſtaff, if they are not too 
long; if ſo, with the chain. The ſituation of the 


offsets are readily found, as above diredted, by the 


croſs, or King's ſurveying quadrant; they are to 
be regiſtered in the field bog. 

Of ſurveying with the chain and croſs. What has 
been denominated by many writers, furveying by 
the chain only, is in fact ſurveying by the croſs and 
chain; for it is neceſſary to uſe the croſs, or oper 
ſquare, for determining their perpendicular lines, 
ſo that the whole that has been ſaid, even by theſe 
men in. favour of the chain alone, is founded in fal- 
lacy. To ſurvey the triangular field A B C, jg. 22. 
plale 9, by the chain and croſs: 1. Set up 1 


ESSAYS ON GEOMETRY, &c. 211 


at the corners of the field. 25 Beginning 00 ſuppoſe) 


9 


at A, meaſure on in 4 right line till you are ar- 


FT ®43 4 


Ys near the Boy P, Where a Per] endicular will 


to ny eng 930 0 pair of Tien 1 mark at 1 or 
B, and through, the other the mark a at C if it doe 
not coincide at c, with the m rk, the cross muſt 
be moved backwards or forwa ws till by trials one 
ir of the ſights exactly coincide with the mark at 
6 and the other with A or 5 Obſerve how 
many chains 2nd 115 the 1 AT 0 from A, up ſup- 

e 3. O. 3. Which muſt be entered in the field- 
* 15 1 the abe DC, 50 
finiſh | the meaſure 55 the by E line, and the work 
is done. 15 mode 7 at preſent by many ſur- 
veyors, proba! bly becauſe there is bay check Tohereb to 
diſcover their errors, 1, % þ muſt de eg gra 9 the 
ſurvey is of any ex Put. 


To plot this, make. A icky 1 * K = Dequal 
to 3, 0. 3. on the point D erect the perpendicul 
D Dh and make it equal.6 43. wen dy A ** BC 

nd the triangle is formed. We © 


{Of THE Oprrcar Sayan, fi "4 plate 146 


This inſtrument, which i is conſttu ſtructed on the 
principles of Hadley' $q adrant, was contrived. by 
1 10 er; it is 15 moſt, if not 10 l reſpects, ſuperior 
io the common ſurveying croſs, becauſe it requires 
no euere be uſed i in the ban , and'1 is of courſe 
| of great ule, to a ale py .99 of... conſiſts of 

two plane mirrors, ſo di pled, an qbjett ſeen 

y reflexion n them by th, bl I appear to coin- 
cide with another eh dire&} viſion when- 
ever the two objects eaten a Tor angle from the 
center of the In and ſerves, therefore to 

2 


raiſe 


gut 


A 
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raiſe or let fall perpendiculars on the ground, as a 
ſquare does on paper, of which we ſhall give ſome 
examples. It's application to the purpoſes of ſur. 
veying will be evident from theſe, and what has 
been already ſaid concerning the croſs. | 

N. B. Fig. 4, plate 14, repreſents the inſtrument 
without it's cover, in order to render the conſtruc. 
tion more evident. There is a cover with a lit or 
ſight for viewing the objects; the object ſeen direAly 
always coincides with the object ſeen by reflexion, 
when they are at right angles to each other. 

From a given point in a given line, to raiſe a 
perpendicular. 1. The obſerver is to ſtand with 
this inſtrument over the given point, cauſing a per- 
ſon to ſtand with a mark, or fixing one at ſome 
convenient diſtance on the given line. 2. An aſ- 
ſiſtant muſt be placed at a convenient diſtance, 
with a mark. ſomewhere near the line in which it 
is fuppoſed the perpendicular will fall; then if 
on looking at one of the objects, the other be ſeen 
ina line with it, the place where the mark of the 

aſſiſtant is fixed, is the required point. . 

From a given point over a given. line to let fall 

a perpendicular. Every ſtrait line is limited and 
determined by two points, through which it 1s 
ſuppoſed to paſs; ſo in a field the line is determined 

by two. fixed objects, as ſteeples, trees, marks 

erected ſor the purpoſe, &c. For the preſent ope- 
ration, the two objects that determine muſt be on 
one fide the point where the perpendicular falls; 
or inother words, the obſerver muſt not be be- 
tween the objects, he muſt place himſelf over the 


line, in which he will always be when the two ob- 


jects coincide ; he muſt move himſelf backwards 
on this line, till the mark (from whence the per- 
pendicular is to be let fall) ſeen by direct viſton 

Coln- 


n 


, 5-4-2 -*--2 


. Wk. EC... 


ESSAYS ON GEOMETRY, Occ. 213 


coincides with one of the objects. which determine 
the given line ſeen by reflexion, and the inſtrument 
will be over the required point. 7 
To meaſure inacceſſible diſtances by the optical 
uare. . 
f Required the diſtance from the ſteeple A, fig. 20, 
plate 9, to B. Let the obſerver ſtand with his 
inſtrument at B, and direct an aſſiſtant to move 
about C with a ſtaff as a mark, until he ſees it 
coincide by direct viſion with the object at A; let 


him fix the ſtaff there; then let the obſerver walk 
along the line until A and B coincide in the in- 


ſtrument, and B D will be perpendicular to A C; 
meaſure the three lines BC, DC, BD, and then the 
following proportion will give the required diſ- 
tance, for as D C is to D B, ſo is BCto AB. 

Second method. 1. Make BC, fig. 21, plate 
9, perpendicular to B A. 2. Divide BC into 


four equal parts. 3. Make CD perpendicular to 


CB. 4. Bring F E A into one line, and the diſ- 
_ from C to F, will be 2 of the diſtance from 
to A, | 


Or THE CIRCUMFERENTER, fig. 1, plate 15. 


This inſtrument conſiſts of a compaſs box, a 
magnetic needle, and two plain fights, perpen- 
dicular to the meridian line in the box, by which 
the bearings of objects are taken from one ſtation 
to another. It is not much uſed in England 
where land is valuable ; but in America where 
land is not ſo dear, and where it is neceſſary to 


ſurvey large tracts of ground (overſtocked with 


wood,) in a little time, and where the ſuryeyor 
muſt take a multitude of angles, in which the ſight 
of the two lines forming the angle may be hin- 
P 3 | dered 
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un by underwood, the gircumferenter is chiefly 
uſed. 1116; 
The circumferenter, ſee fig. 1, plate 15, conſiſts 
of a braſs arm about 14 or 15 inches long, with 
ſights at each end, and in the middle thereof a 
circular box (with a glaſs cover) of about 51 in. 
ches diameter; within the box is a braſs graduated 
circle, the upper ſurface divided into 360 degrees, 
and numbered 10. 20. 30. to 360; every tenth de. 
pres is cut down on the inner edge of the circle. 
he bottom of the box is divided into four parts or 
quadrants, each of which is ſubdivided into 90 
degrees numbered from the meridian, or north and 
ſouth points, each way to the eaſt and weſt points; 
in the middle of the box is placed a ſteel pin finel) 
pointed, called the center pin, on which is placed 
a magnetic needle, the quality of which is fuch, 
that (allowing for the difference between the 
aſtronomic and magnetic meridians) however the 
inſtrument may be moved about, the bearing or 
angle which any line makes with the magnetic 

meridian, is at once ſhewn' by the needle. 
At each end of the braſs rule, and perpendicular 
thereto, ſights are fixed; in each fight there is a 
large and a ſmall aperture, or ſlit, one over the 
other, theſe are alternate; that is, if the aperture 
be uppermoſt in one ſight, it will be loweſt in the 
other, and ſo of the ſmall ones; a fine piece of 
ſewing ſilk, or a horſe hair runs through the mid- 
die of the large ſſit. Under the compaſs box, is 
a ſocket to ſit on the pin of the ſtaff; the inſtru- 
ment may be turned round on this pin, or fixed in 
any ſituation by the milled nut; it may alſo be 
readily fixed in an horizontal direction by the ball 
and ſocket of the ſtaff, moving for this purpoſe the 
box, till the ends of the needle are equidiſtant 
2 from 
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from the bottom, and traverſe or play with free- 
Occaſional variations in the conſtruction of this 
inſtrument, are, 1. In the ſights, which are ſome- 
times made to turn down upon an hinge, in 
order to leſſen the bulk of the inſtrument, and 
render it more convenient for carriage; ſometimes 
they are made to ſlide on and off with a dovetail, 
ſometimes to fit on with a ſcrew and two ſteady 
pins. 2. In the box; which in ſome inſtruments 
has a braſs cover, and very often a ſpring is placed 
within the box, to throw the needle off the center 
pin, and preſs the cap cloſe againſt the glaſs, to 
greſerve the point of the center pin from being 
blunted by the continual friction of the cap of the 
needle. 3. In the needle itſelf, which is made of 
different forms. 4. A further variation will be 
noticed under the account of the improved cir- 
cumferenter. N 5 
The ſurveying compaſs repreſented at fig. 3, 
Plate 15, is a ſpecies of circumferenter, which has 


hitherto been only applied to military pur- 


poſes ; it conſiſts of a ſquare box, within which 
there is a braſs circle divided into 360 degrees; in 
the center of the box is a pin to carry a magnetic 
needle; a teleſcope is fixed to one fide of. the box 
in ſuch a manner, as to be parallel to the north 
and ſouth line; the teleſcope has a vertical mo- 
tion for viewing objects in an inclined plane; at 
the bottom of the box, is a ſocket to receive a 
ſtick or ſtaff for ſupporting the inſtrument. 

To uſe the circumferenter. Let A B C, fig. 19, 
Plate , be the angle to be meaſured, 1. The in- 
ſtrument being fixed on the ſtaff, place it's center 
over the point B. 2. Set it horizontal, by movin 
the ball in it's ſocket till the needle is parallel to 

| P 4 | "the © 
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the bottom of the compaſs box. 3. Turn that end call 
of the compaſs box, on which the flower de lys is _ cre; 
engraved, next the eye. 4. Look along BA, and tim 
obſerve at what gegree the needle fands, ſup- cre 
poſe 390. 5. Turn the inſtrument round upon the ſig 
pin of the ball and ſocket, till you can ſee the of 
object C, and ſuppoſe the needle now to ſtand at for 
1256. 6. Take the former number of obſerved de. 1 
grees from the latter, and the remainder is the lo! 
required angle. L230 0494 S146 ſti 
If in two obſeryations to find the menkore of: an. 
angle, the needle points in the firſt on one fide 
.Z60®, and in the fecond on the other, _—_ 
one wants of 360, to what the other is in 
360% and the ſum is the required angle. re 
This general idea ofthe uſe of the circumferenter, th 
it is preſumed, will be ſufficient for the preſent ; | it Cc 
will * more particularly treated of hereafter. - tl 
When in the uſe of the circumferenter, you look 
through the;upper fights from the ending of the Þ 
ſtation to the beginning, it is called a back ſigh! ; 4 
but when you look through the lower ſlit fs the | 
— of the ſtation towards the end, it is ki 


termed: the fore fight. A theodolite, or any inſtru- 
ment which is not ſet by the needle, muſt be fixed 
in it's place, by . ack and fore ſights at every 

ſtation, for it is by the foregoing ſtation that it is 
ſet parallel; but as the needle preſerves it's paral- 

leliſm throughout the whole ſurvey, whoſoever 
works by the circumferenter, need take no more 
than one fight at every ſtation. 

There is indeed a difference between the mag- 
netic and aſtronomic or true meridian, which is 
called the variation of the needle, This variation is 
different at different places, and is alſo different 
At different times this difference in the 3 
23 called 
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called the variation of the variation; but the in- 


creaſe and decreaſe thereof, both with reſpect to 


time and place, proceeds by ſuch very ſmall in- 
crements or decrements, as to be altogether in- 
ſignificant and inſenſible, within the ſmall; limits 
of an ordinary ſurvey, and the ſhort time required 
for the performance thereof. Set e ee 
The cauſes of the variation of the needle have 
long been the ſubject of philoſophical inquiry, but 
ſtill remain undeveloped. Amt 


Or THE IMPROVED CIRCUMFERENTER., | 


The excellency and. defects of - the preceding. 
inſtrument both originate in the needle ; from the 
regular direction thereof, ariſe all it's advantages ; 
the unſteadineſs of the needle, the difficulty of aſ- 
certaining with exactneſs the point at which it ſet- 
tles, are ſome of it's principal defects. In this 
improved conſtruttion, theſe are obviated, as will 
be evident from the following deſcription. One of 


theſe inſtruments is repreſented at ig. 2, plale 15. 


A pin of about three quarters of an inch diame- 
ter goes through the middle of the box, and forms 
as it were a vertical axis, on which the inſtrument 
may be turned round horizontally; on this axis 
an index A B is faſtened, moving in the inſide of 
the box, having a nonius on the outer end to cut, 
and ſubdivide the degrees on the graduated circle. 
By the help of this index, angles may be taken 
with much greater accuracy than by the needle 
alone; and as an angle may be aſcertained by the 
index with or without the needle, it of courſe re- 
moves the difficulties, ' which would otherwiſe 
ariſe if the needle ſhould at any time happen to 
be acted upon, or drawn out of it's ordinary po- 
tion by extraneous matter; there is a pin beneath, 

. whereby 
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whereby the index 'may be faſtened temporarily tg 
the bottom of the box, and E ſerew as uſual, to fix 


the whole occaſionally: to the pin of the ball and 
ſocket, ſo that the body of the. inſtrument, and 
the index, may be either turned round together, | 
or the one turned round, and the other remain 


fixed, as occaſion ſhall require. A further im. 
provement is that of preventing all horizontal nolion 
of the ball in ibe ſactet; the ball has a motion in the 


ſocket every poſſible way, and every one of theſe 
poſſible motions is neceſſary, except the horizontal 


one, which is here totally deſtroyed, and every other 
poſſible motion left Perfect free. NG 1 te 


GEVTNAL be . THE, Ust 7 IT THERE Yoko ; 


DS = 5-0 i 4 N ENT S ok A 1! as _ 1110. 
For — 1 
a field to be ſurveyed. 1. Set up the'ci cumferenter 
at any corner as at A, and therewith take the courſe 


or bearing * of che ſide A B, and meaſure the 


length thereof with the chainn. 

If the circumferenter be a commom one, amg 
no index in the box, the eourſe or bearing i is taken 
by ſimply turning the fights in a direct line from 
A to B, and en. the needle ſettles; the needle 


will- point our on the raduared ! limb; the courſe 


or number of degrees which. the line bears from 
the magnetic meridia n. 
But if the eircunnferenter has anden in the 
box; it is thus uſed. 1. Bring the index to the 
north point on the graduated limb, and fix it there, 


by faſtening the body of the inſtrument, and the 


under Pt together, by the Pinar! that purpoſe, 


1 1 13 C\ 8 EIT ads * 5 an 


i 


A the courſe or bearing of ia l is nd lneant the 


angle which ſuch line makes with the magnetic meridian as 


hewn by the needle, 


— 


Y let g! 1, plate 18, repieleny 
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and turn the inſtrument about, ſo that the needle 
ſhall ſettle. at the ſame point; then faſten the under 
part of the inſtrument to the ball and ſocket, and 
taking the pin out, turn the ſights in a direct line 


from A towards B, ſo will the courſe and bearing 


be pointed out on the graduated circle, both by 


the needle and by the index. This done, faſten 


the body of the inſtrument to the under part again, 
and having ſet the inſtrument up at B, turn the 
ſights in a direct line back from B to A, and there 


faſten the under part of the inſtrument to the ball 


and ſocket; then take out the pin which faſtens the 
body of the inſtrument to the under part, and turn 
the ſights in a direct line towards C, and proceed 
in the ſame manner all round the ſurvey ; fo will 


the courſes or bearings of the ſeveral lines be 
inted out both by the needle and the index, un- 
eſs. the needle ſhould, happen to be drawn out of 


it's courſe by, extraneous, matter; but in this caſe. 


the index will not only ſhew, the courſe or bearing, 


but will like wiſe f how much the needle is ſo | 


drawn aſide. After this long parentheſis to expla in 


more minutely the uſe of the inſtruments, we may 
proceed. 3. Set the circumferenter up at B, take 
15 courſe and bearing of BC, and meaſure the 
th thereof, and ſo proceed with; the, ſides CD. 
EF, FG, G A, all the way round to the 


e of beginning, noting the; ſeveral courſes or 
bearings, and the lengths of the ſeveral ſides j in a 


held-book, : which let us ſuppoſe to be as following: 


Fx Þ bs | 3. III Dt 1 21 1 $936 81 #7 4 * 210 NC F 
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o 


E F South 4 Is Faſt 14. 
FG North 73 45 Weft 12. 40. 
GA South 52 Wet 9. 17. 


Any 
N. B. By north 7 weſt, is meant ſeven degrees 
to the weſtward (or left hand) of the north, ag 
ſhewn by the needle; by north 35 156“ eaſt, fifty 
five degrees fifteen minutes to the eaſtward, or right 
hand of the north, as thewn by the needle. 

In like manner by ſouth 62* 3o' eaſt, is meant 
ſixty-two degrees and thirty minutes to the eaſt. 
ward, or left hand of the ſouth; and by ſouth 
40* weſt, forty degrees to the weſtward, or right 
hand of the ſouth. | ork 
The 21 chains, 18 chains 20 links, &c. are the 
lengths or diſtances of the reſpective ſides, as 
meaſured by the chain. ric CY 
Fig. 4, plate 15, repreſents a ſmall circumferen. 
ter, or theodolet ; it is a kind that was much uſed 
by General Roy, for delineating the ſmaller parts 
of a furvey. _ | | 


Or THE COMMON T HEODOLET. 


The error to which an inſtrument is liable, 
where the whole dependance is piaced on the needle, 
ſoon rendered ſome other invention neceflary to 
meaſure angles with accuracy; among theſe, the 
common theodolet, with four plain ſights, took the 
lead, being ſimple in conſtruction, and eaſy in uſe, 
The common theodolet is repreſented, g. 5, 
plate 14:3 it conſiſts of a braſs graduated circle, 
a moveable index A B; on the top of the index is a 
compaſs with a magnetic needle, the compaſs box 
is covered with a glaſs, two fights C, D, are fixed 


$0 the index, one at each end, perpendicular to the 
a | plane 
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lane of the inſtrument; there are two more ſights 
EF, which are fitted to the graduated circle at the 
points of 3600 and 180 they all take on and off 


for the conveniency of packing. In cach ſight, 


there is, as in the circumferenter, a large and a 


{mall aperture placed alternately, the large aper- 


ture in one fight, being always oppoſed to.the 
narrow aperture in the other; underneath the 
braſs circle, and in the center thereof, is a ſprar 
to fit on the pin of the ball and ſocket, which 
fixes on a three-legged ſtaff. | | 

The circle is divided into degrees, ed ate 
all numbered one way to 360%, uſually from the 
left to the right, ſuppoſing yourſelf at the center 


of the inſtrument ; on the end of the index i is a 


nonius diviſion, by which the degrees on che limb 
are ſubdivided to five minutes; the diviſions on 


the ring of the compaſs box are numbered M. 


contrary direction to thoſe of the limb. 
As much of geometrical, menſuration "depends 


on the accuracy of the inſtrument, it behoyes: very 


ſurveyor to examine them carefully. diiterent 
methods will be pointed out in this work, ac- 
cording to the nature of the reſpective inſtruments; 
In that under conſideration, the index ſhouid move 
regularly when in uſe; the theodolet ſhould al- 
ways be placed truly horizontal, otherwiſe the 


angles meaſured by it will not be true; of this 


potition you may judge with ſufficient accuracy by 


the needle, for if this be originally well ballanced, 


it will not be parallel to the compaſs- plate unleſs 


the inſtrument be horizontal; two bubbles, or ſpirit 


levels, are ſometimes placed in a compaſs box at 
right angles to each other, in order to level the in- 


ſtrument, but it appears to me much better to de- 


pend on the needle: I, Becauſe the bubles, from 
their 
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their ſize, are ſeldom accurate. 2. Becauſe the 
operator cannot readily adjuſt them, or aſcertain 
| when they indicate a true level. 

» T6 examine the inſtrument, on an elite 
plain ſet three marks to form a triangle; with 
your theodolet take the three angles of this 
triangle, and if theſe, when added together make 
1809, you re be certain of the 90 of Jour 
ioftrument. | 

To examine the! eble; obſerve accurately 
Where the needle ſettles, and then remove it from 
that ſituation, by placing: à piece of ſteel or magnet 
near it; if it afterwards ſettles at the ſame point, 
it is ſo far right, and you'may Judge it to be 
perfectly ſo if it ſettles properly in all ſituations of 


the box. If in any ſituation of the box a deviation 


| 18 obſerved, the error is moſt probably occaſioned 
by ſome particles of ſteel in the metal, of which | 
the compaſs box is made. © 

To examine the graduations, Yer the e di- 
viſion of the nonius to the beginning of each de- 
gree of the theodolet, and if the laſt divifion of 
the nonius always terminates! preciſely (at each 
application) with it's reſpective degree, then the 
diviſions are accurate. 

Cautions in the uſe of the infirument. 1 Spread 
the legs that ſupport the theodolet prett y wide, 
and thruſt them firmly in the ground, that they 
may neither yield nor give unequally during the 
obſervation. 2. Sct the inſtrument horizontal. 
. Screw the ball firm in it's focket, that in 
turning the index, the theodolet may not ag. from 
the objects to which it is directed. 4. Where 
accuracy is required, the angles ſhould Rear be 
taken twice over, oftener where great accuracy is 
required, 
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cer rg the mean of che obſervation muſt 
YE the true angle. 97 TOAD 5 3910181995 
To — an angle. with the. theodalet Let 
10 17 3 Ce ale: repreſent two ſtation 
2 kong oyer.the-angular point, 
fixed; fights along one of the lines, 
al e 7 through the ſights the mark; at theſe 
kerew. the inſtrument faſt; chen turn the moyeable 
index till through it's ſights you ſee the other mark 
C; then the degrees, gut. by the index upon the 
See limb. or, nog of the inſtrument, * 
urge tes Alleria (d note; 
ae fixed ſights are al ways to be directed to the 
laſt ſtation, and thoſe on the index to the next. 
the beginning of the degrees are towards the 
ſurveyor when the fixed, fights. are directed to an 
object, and the flow flower-de- ys towards, him in 
directing the index, then that end of the index 
towards the ſurveyor will ꝓoint out, the angle, and 
the ſouth end of the needle the bearing; the ap- 
lication of the inſtrument to various caſes that 
may occur in ſurveying, will be evident from what 
ve | by on Fat: en in "ue: courſe, af this 
e nge ef ln 271 fle (oils 
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Inet | 

We» Che tab tabular part of his inſtrument is uſually 
made of two. well, ſeaſoned Hon forming A pa- 
rallelogram f about 1 5, inches long, and 12 inches 

dad; the ſize is; radikal varied to Kalt ade 
ine of the opęrator. jt Had 217 De 
„The aforeſaid, parallelogram is, framed with a 
dge on each ſide to ſu upport a box frame, which 


frame copfines che paper on the table, and, keeps 
it cloſe thereto; the frame is therefore ſo contrived, 


That it may be taken off * put on at pleaſure, 
either 
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either ſide upwards ; each fide of the frame is 
graduated ; one fide is uſually divided into ſcales 
of equal parts, for drawing lines parallel or per- 
pendicular to the edges of the table, and alſo for 
more conveniently ſhifting the paper; the other 
face or fide of the frame is divided into 3609, from 
a braſs center in the middle of the table, in order 
that angles may be meaſured as with a theodolet; 
on the fame face of the frame, and on two of the 
edges, are graduated 1 80%, the center of theſe 
degrees is exactly in the middle between the two 
ends, and about 4 part of the breadth from one of 
the ſides. 

A magnetic needle and compaſs box, covered 
with a glaſs and ſpring ring, ſlides in a dovetail on 
the under fide of the table, and is fixed there by a 
finger ſcrew ; it ſerves to point out the direction, 
and be a check upon the ſights. 

There is alſo a braſs index ſomewhat larger than 
the diagonal of the table, at each end of which a 
ſight is fixed; the vertical hair, and the middle of 
the edge of the index, are in the ſame plane; this 
edge is chamfered, and is uſually called the fiducial 
edge of the index. Scales, of different kinds, are 
uſually laid down on the edge of the index. 

Under the table is a ſprang to fit on the pin of 
the ball and ſocket, by which it is placed upon a 
three-legged ſtaff. | 

To place the paper on the table, take a ſheet of 
paper that will cover it, and wet it to make it ex- 
pand, then ſpread it flat upon the table, preſſing 
down the frame upon the edges to ſtretch it, and 
keep it in a fixed ſituation ; when the paper is dry 
it will by contracting become ſmooth and flat. 


Or 


— 
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Or $1IFTING THE PAPER ON THE PLANE TABLE. 


When the paper on the table is full, and there 
is occaſion for more, draw a line in any man- 
ner through the fartheſt point of the laſt ſtation 
line, to which the work can be conveniently laid 
down; then take the ſheet of paper off, and fix 
another on the table ; draw a line upon it in a part 
moſt convenient for the reſt of the work; then 
fold or cut the old ſheet of paper by the line 
drawn on it, apply the edge to the line on the 
new ſheet, and, as they lie in that poſition, con- 
tinue the laſt ſtation line upon the new paper, 
placing upon It the reſt of the meaſures, beginning 
where the old ſheet left off, and ſo on from ſheet- 
to ſheet. | 
Io faſten all the ſheets of paper together, and 
thus form one rough plan, join the aforeſaid lines 
accurately together, in the ſame manner as when 
the lines were transferred from the old ſheets to; 
the new one. But if the joining lines upon the- 
old and new ſheet have not the ſame inclination to 
the ſide of the table, the needle will not point to 
the original degree when the table is rectified, If 
the needle therefore ſhould reſpect the ſame de- 
gree of the compaſs, the caſieſt way of drawing 
the line in the ſame poſition, is to draw them both 
parallel to the ſame 1ides of the table, by means of 
the ſcales of equal parts on the two fides. 

To uſe the plane table. Fix it at a convenient 
part of the ground, and make a point on the paper 
to repreſent that part of the ground. 

Run a fine ſteel pin or needle through this 
point into the table, againſt which you muſt ap- 
ply the fiducial edpe of the index, moving it round 
till you perceive ſome remarkable object, or mark 


2 ſet 
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ſet up for that purpoſe. Then draw a line from 
the ſtation point, along the fiducial edge of the 
index. | | 
| Now ſet the ſights to another mark, or object, 
and draw it's. line, and ſo proceed. till you have 
obtained as many angular lines as are neceſſary 
from this ſtation. 

The next requiſite is the meaſure or diſtance 
from the ſtation to as many objects, as may be 
neceſſary, taking at the ſame time the off, ſets to 
the required corners or crooked parts of the 
hedges; ſetting off all the meaſures upon. their 
reſpective lines upon the table. 

Now remove the table to ſome other ſtation, 
whoſe diſtance from the foregoing was previouſly 
meaſured ; then lay down the objects which ap- 
pear from thence, and continue theſe operations 
till your work 1s finiſhed, meaſuring ſuch lines as 
are neceſſary, and determining as many as you 
can by interſecting lines of direction, drawn from 
different ſtations. | 

It ſeems to be the univerſal opinion of the belt 
ſurveyors, that the plane table is not an inſtru- 
ment to be truſted to in large ſurveys, or on hilly 
ſituations; that it can only be uſed to advantage, 
in planning, the ground plot of buildings, gardens, 
or a few ſmall parcels of land nearly on a level. 

Mr. Gardiner, whoſe authority as a ſurveyor 1s 
inferior to no one, aſſerts that the plane table ſur- 
veyors,. when they find their work not to cloſe 
right, do often cloſe it. wrong, not only to ſave 
time and labour, but the acknowledgment of an 


error; which they are not ſure they can 


amend. „ | 
In uneven ground, where the table cannot in all 


ſtations be ſet horizontal, or uniformly in any one 
place 
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place, it is impoſſible the work ſhould be true in 
all parts. 
The contraction and expanſion of the paper ac- 
cording to the ſtate of moiſture in the air, is a 
ſource of many errors in plotting ; for between a 
dewy morning, and the heat of the ſun at noon, 
there is a great difference, which may in ſome 
degree be allowed for in ſmall work, but cannot 
be remedied in ſurveys of conſiderable extent. 


Or THE IMPROVED PLANE TABLE, fig. 2. plate 17. 


To remedy ſome of the inconveniences, and 
correct ſome of the errors to which the common 
plane table is liable, that which we are now going 
to deſcribe has been conſtructed. It is uſually call- 
ed Beighton's plane table, though differing in many 
reſpects from that deſcribed by him in the Philo- 
ſophical Tranſactions. 

It is a plain board, 16 inches ſquare, with a 
frame of box or braſs round the edge, for the pur- 
poſe of being graduated. On the fides AB, CD, 
are tuo grooves and holdfaſts for confining firmly, 
or eaſily removing the paper; they are diſengaged 
by turning the ſcrews under the table from the 
right towards the left, and drawn down and made 
to preſs on the paper by turning the ſcrews the 
contrary way. When the holdfaſts are ſcrewed 
down, their ſurface is even with that of the table. 
There are two pincers to hold that part of the 
paper, which in ſome caſes lies beyond the table, 
and prevent it's flapping about with the wind. 

The compaſs box is made to fit either ſide of 
the table, and is fixed by two ſcrews, and does 
not when fixed project above one inch and a half 
irom the ſide of the table. Re 

Q 2 There 


— 
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There is an index with teleſcopic ſights, 


EFG; it is ſometimes ſo conſtrutted, as to 


anſwer the purpoſe of a parallel rule. 
| The figure renders. the whole fo evident, that a 
greater detail would be multiplying words to no 
purpoſe: 5 1 81511 
The papers or charts for this table, are to be 


either a fine thin paſteboard, fine paper paſted on 


cartridge paper, or two papers paſted together, 
cut as exactly ſquare. as poſſible, and of fuch a 
length that they may ſlide in eaſily, between the 
upright parts, and under the flat part of the 
holders. 15 

ny one of theſe charts may be put into the 
fable any of the four ways, be fixed, taken our, 
and changed at pleaſure; any two of them may be 
joined together on the table, by making each of 
them meet exactly at the middle, whilſt near one 
half of each will hang over the ſides of the table; 
or by doubling them both ways through the mid- 
dle, four of them may be put on at one time, 
meeting in the center of the table. For this pur- 
poſe, each chart is always to be croſſed quite 
through the middle; by theſe means the great 
trouble and inaccuracy in ſhifting the papers is 
removed. | | 

The charts thus uſed, are readily laid together 
by correſponding numbers on their edges, and 
thus make up the whole map, in one view; and 
being in fquares are portable, eaſily copied, en- 
larged, or contracted. 

The line of fightin viewing objects may, if that 
method be preferred, be always over the center of 
the table, and the ſtation lines drawn parallel to 
thoſe meaſured on the land. Underneath the table 


15 
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is 2 ſprang to fit on the ſocket of a ſtaff, will 
parallel plates and adjuſting ſere ss. 


SEARLE'S Praxx TABLE. 


This inſtrument, whoſe ſize (which renders it 
convenient, while it multiplies every error,) is only 
five inches ſquare, conſiſts of two parts, the table 
and the frame. The frame, as uſual, to tighten the 
paper of obſervation. In the center of the table 
is a ſcrew, on which the index fight turns; this 
ſcrew is tightened alter taking an obſervation,” + : 


THeoDOLETS wirn TELESCOPIC SIGHTS, _ 


In proportion as ſcience advances, we find our- 
ſelves ſtanding upon higher ground, ate enabled 
to ſee further and diſtinguiſh objeds better than 
thoſe that went before us: thus the great ad- 
vances in dividing of inſtruments, have rendered 
obſervers more accurate, and more attentive to the 
neceſſary adjuſtments of their inſtruments, In- 
ſtruments are not now conſidered as perfect, un- 
leſs they are ſo conſtructed that the perſon who 
uſes them, may either corre& or allow for the 
errors to which they are liable. i 

Theodolets with teleſcopic ſights are without 
doubt the moſt accurate, commodious, and uni- 
verſal inſtruments for the purpoſes of ſurveying, 
and have been recommended as ſuch, by the moſt 

80 practitioners, and beſt writers on the ſub- 
- „as Gardiner, Hammond, Cunn, Stone, Wild, 

addington, &c. : | 


The leading requiß tes in a good theodolet are, 
I. That the parts be firmly connected, ſo that 
| they may always preſerve the ſame figure. 2. The 

circles muſt be truly centered and accurately gra- 


Q 3 duated. 
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duated. 3. The extremity of the line of fight 
ſhould deſcribe a true circle. 1 | 
Fig. 1. plate 16, repreſents a theodolet of the 

ſecond beſt kind; the principal parts are, 1. A 
.teleſcope and it's level. 2. The vertical arch. 
3. The horizontal limb and compaſs. 4. The 
ſtaff with it's parallel plates. 

An attentive view of the inſtrument or drawing 
compared with what has been ſaid before, will 
ſhew that it's perfect adjuſtment conſiſts in the 
following particulars. . 
1. The horizontal circle A A, muſt be truly 
level. 2. The plane. of the vertical circle BB, 
muſt be truly perpendicular to the horizon. 3. 
The line of ſight, or line of collimation, muſt be 
exactly in the center of the circles on which the 
teleſcope turns. 4. The level myſt be parallel to 
the line of collimation. | 


Or Trax Terescors CC. 


Teleſcopic ſights not only enable the operator to 
diſtinguiſh objects better, but direct the ſight with 
much greater accuracy than is attainable with plain 
fights ; hence alſo we can make uſe of much finer 
ſubdiviſions. The teleſcope generally applied to 
the beſt inſtruments, is of the acromatic kind, in 

order to obtain a larger field, and greater degree of 
magnifying power. In the focus of the eye glaſs, are 
two very fine hairs at right angles to each other, 
whoſe interſection is in the plane of the vertical 
arch. The object glaſs may be moved to different 
diſtances from the eye glaſſes, by turning the milled 
nut a, and may by this means be accommodated 
to the eye of the obſerver, and the diſtance of the 
object. The ſcrews for moving and adjuſting the 
croſs hairs are ſunk a little within the eye * 
: | 
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and at about one inch from the eye end: there are 
four of theſe ſcrews, two of which are exactly 
oppoſite to each other, and at right angles to the 
other two. By eaſing one .of the ſcrews, and 
tightening the oppoſite one, the wire connected 
with it may be moved one way or the other. On 
the outſide of the teleſcope are two metal rings, 
which are ground perfectly. true; theſe rings are 
to lay on the ſupporters or Y's, which are fixed to 
the vertical arch. | 


Or Taz Vertical Arcn BB. 


This arch is firmly fixed to a long axis which 
is at right angles to the plane of the arch. This 
axis is ſuſtained by, and moveable on, the two fup- 
ports which are fixed firmly to the horizontal 
plate; on the upper part of the vertical arch, are 
the two Y's, for holding the telefcope ; the inner 
ſides of theſe Y's are fo framed as to be tangents 
to the cylindric rings of the teleſcope, and there- 
fore bear only on one part. The teleſcope is con- 
fined to the Y's by two loops, which turn on a 
joint, and may therefore be readily opened and 
turned back, when the two pins are taken out. 

One fide of the vertical arch is graduated to 
every half degree, which are ſubdivided to every 
minute of a degree by the nonius. It is number- 
ed each way, from ꝙ to go, towards the eye end, 
for angles of altitude; from o to 0, towards the 
object end, for angles of depreſſion. On the other 
de of the vertical arch, are two ranges of divi- 
lions, the lowermoſt for taking the upright height 
of timber in 109th parts of the diſtance the in- 
ſtrument is placed at from the tree at the time of 
obſervation. The uppermoſt circle is for reducing 
hypothenuſal lines to horizontal, or to ſhew the 

erence between the hypothenuſe and baſe of a 


Q4 right- 
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right-angled triangle, always ſuppoſing the hypo. 
thenuſe to conſiſt of 109 equal parts; conſequently 
It gives by inſpection the number of links to be 
deducted from each chain's length in meaſuring up 
or down any aſcent, or deſcent, in order to te- 
duce it to a true horizontal diſtance, 

The vertical arch may be moved regularly and 
with eaſe, by turning the milled nut b; there is a 
pin by which it may be fixed when at o. 


Or TRE Comeass. 


The compaſs is fixed to the upper horizontal 
plate, the ring of the compaſs is divided inta 
360, which are numbered in a direction contrary 
to thoſe on the horizontal limb. The bottom of 
the box is divided into four parts, or quadrants; 
each of which is ſubdivided to every 10 degrees, 
numbered from the meridian or north and {ſouth 
points each way to the eaſt and weſt points. In 
the middle of the box is a ſteel pin finely pointed, 
on which is placed the magnetic needle; there is 
a contrivance for throwing the needle off it's 
point, when not in uſe. 


Or Tut HoRIZON TAL LIMB, A A. 


This limb conſiſts of two plates, one moveable 
on the other; the outſide edge of the upper plate 
1s chamfered, to ſerve as an index to the degrees 
on the limbs. The upper plate, together with the 
compaſs, vertical arch, and teleſcope, are caſily 
turncd round by a pinion fixed to the ſcrew, c; d 
is a nut for fixing the index to any part of the 
limb, and thereby making it ſo ſecure, that there 
is no danger of it's being moved out of it's place, 
while the inſtrument is removed from one ſtation 
to another. The horizontal limb is — 
| hall 


— 
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half degrees, and numbered from the right hand 
towards the left, 10, 20, 30, &c. to 360; the di- 
viſions are ſubdivided by the nonius ſcale to every 
minute of a degree. 5 WENT. 55 

On the upper plate, oppoſite to the nonius, are 
a few diviſions for meaſuring the diameter of trees. 

Underneath the horizontal limb, is a ſecond te- 
leſcope which has a vertical and horizontal motion, 
and may thereby be brought accurately to the ſame 
object as the upper teleicope, namely, the com- 
mencing point, or that from which angles are 
meaſured. The whole inſtrument fits on the coni- 
cal ferril of a ſtrong braſs headed ſtaff, with three 
ſubſtantial wooden legs ; the top or head of the 
ſtaff conſiſts of two braſs plates parallel to each 
other; four ſcrews paſs through the upper plate, 
and reſt on the lower plate; by the action of theſe 
ſcrews, the ſituation of the plate may be varied, 
ſo as to ſet the horizontal limb truly level, or in a 
plane parallel to the horizon; for this purpoſe, a 
itrong pin is fixed to the under ſide of the plate, 
this pin is connected with a ball that fits into a 
ſocket in the lower plate; the axis of the pin 
and ball are ſo framed, as to be always perpendi- 
cular to the plate, and conſequently to the horizon. 
tal limb, wet | 


Ta anjusr THE THEODOLET. | 


As ſo much of ſurveying depends on the ac. 
curacy of the inſtruments, it is abſolutely neceſſary. 
that the ſurveyor ſhould be very expert, in their. 
adjuſtments, without which he cannot expect the 
inftruments will properly anſwer the purpoſes they 
were deſigned for, or that his ſurveys will have 
%%% een EE RIES... 
The neceſſary adjuſtment to the 1 
„ whic 
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which we havejuſtdeſcribed, are, 1. That the line of 
fight or collimation* be exactly in the center of 
the cylindric rings round the teleſcope, and which 
lie in the Y's. 2. That the level be parallel to 
this line, or the axis of the above-mentioned 
rings. 3. The horizontal limb muſt be ſo ſet, 
that when the vertical arch is at zero, and the 
upper part moved round, the bubble of the level 
will remain in the middle of the open ſpace. 
Previous to the adjuſtments, place the inſtru- 
ment upon the ſtaff, and ſet the legs thereof 
firmly on the ground, and at about 3 feet from 
each other, ſo that the teleſcope may be at a 
proper height for the eye, and that two of the 
ſcrews on the ſtaff that are oppoſite to each other, 
may be nearly in the direction of ſome conſpicuous 
and diſtant object, FR 


To apjusr THE Ling of COLLIMATION. 


Having ſet up the theodolet agreeable to the 
foregoing direction, direct the teleſcope to ſome 
diſtant object, Ping it ſo, that the horizontal 
hair or wire may exactly coincide with ſome well 
defined part of the object; reverſe the teleſcope, 
that is, fo that the tube of the ſpirit level may be 
uppermoſt, and obſerve whether the horizontal 
hair ſtill coincides with the object; if it does, the 
hair is in it's right poſition; if not, correct half 
the difference by moving the hair or wire, which 
motion is effeded by caſing one of the ſcrews in 
the eye tube, and tightening the other; then turn 
the teleſcope round to it's former poſition with 2 


* The line of collimation is the line of viſion, cut by the 
interſecting point of the croſs hairs in the teleſcope, aniwer: 
ing to the viſual line, by which we. take aim at objects with 
plane ſights. | 7 
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whe of the ſpirit level lowermoſt, and make the 
hair coincide with the object, by moving the verti- 
cal arch; reverſe the teleſcope again, and if the 


my 


object, you muſt repeat the foregoing operation, 
till in both poſitions it perfectly coincides with the 
ſame part of the object. +81" 0). "oF RAE er 
The preciſe ſituation of the horizontal hair being 
thus aſcertained, adjuſt the vertical hair in the ſame 
manner, laying it for this purpoſe in an horizontal 
poſition : the ſpirit tube will, during the adjuſt- 
ment of the vertical hair, be at right angles to it's 
former poſition. When the two wires are thus 
adjuſted, their interſection will coincide exactly 
with the ſame point of the object, while the tele- 
| ſcope is turned quite round; and the hairs are no 
properly adjuſted, till this is effected. 7 


Og 0" We 


ADJUSTMENT OF THE LEVEL. 


To render the level parallel to the line of colli- 
mation, place the vertical arch over one pair of the 
ſtaff ſcrews, then raiſe one of the ſcrews and depreſs 
the other, till the bubble of the level is ſtationary in 
the middle of the glaſs; now take the teleſcope out 
of the Y's, and turn it end for end, that 1s, let 
the eye end lay where the object end was placed ; 
and if, when in this fituation, the bubble remains 
in the middle as before, the level is well adjuſted 
if it does not, that end to which the bubble runs is 
too high; the poſition thereof muſt be corrected 
turning one or both of the ſcrews, which paſs 
through the end of the -tube, till the bubble has 
moved half the diſtance it ought to come to reach 

the middle, and cauſe it to move the other half by 
turning the ſtaff ſcrews. Return the teleſcope to 
it's former poſition, and if the adjuſtments have 
es been 


hair does not coincide with the ſame part of the 
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been well made, the bubble will remain in the 
middle; if otherwiſe, the proceſs of altering the 
level and the ſtaff ſcrews, with the reverſing, muſt 
be repeated till it bears this proof of it's accuracy, 
In ſome inſtruments there is a proviſion for raiſin 
or lowering the Y's a ſmall degree, in order more 
conveniently to make the bubble continue in it's 
place when the vertical arch is at o, and the hori. 
zontal limb turn round. ; 


Io apjusr THE LEVEL or TE HoRIZONTAI 


Place the level ſo, that it may be in a line with 
two of the ſtaff ſcrews, then adjuſt it, or cauſe 
the bubble to become ſtationary in che middle of 
the open ſpace by means of theſe ſcrews. Turn the 
horizontal limb half round, and if the bubble re- 
mains in the middle as before, the level is well ad- 
uſted ; if not, correct half the error by the ſcrews 
at the end of the leyel, and the other half by the 
ſtaff ſcrews, Now return the horizontal limb to it's 
former poſition, and if it remains in the middle, the 
errors are corrected ; if not, the proceſs of alter 
mult be purſued till the error is annihilated. See 
this adjuſtment in the deſcription of Ramſden's 
changes hc £5636 000 rt 8 
When the bubble is adjuſted, the horizontal 
limb may always be levelled by means of the ſtaff 
res. 263-1 | | 


Or rur THLODOLET, AS IMPROVED BY RAMSDEN, 
pps e ee 


Among the improvements the inſtruments of 
ſcience have received from Mr. Ramſden, we are 
to rank thoſe of the theodolet; in the preſent in- 
ſtance, he has happily combined elegance and 

6 ncatnels 
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neatneſs of form, with accuracy of conſtruction z' 
and the ſurveyor will contemplate} with pleaſure 
this inſtrument, and the various methods by 
which the parts concur to give the moſt accurate 
reſults. 

The principal parts of this inſtrument are 
however ſo ſimilar to.the foregoing, that a de- 
ſcription thereof muſt, in many reſpects, be a re- 
petition of what has been already deſcribed _ 
{ome variation only of language. 

FF repreſents the horizontal limb, fo called, 
becauſe when in fe it, ought always to be placed 
parallel to the horizon. It conſiſts like the former 
of two plates, the edges of theſe two are chamfered, 
ſo that the diviſions and the nonius are in the faine 
plane, which is oblique to the plane of the inſtru- 
ment. The limb is divided into halt degrees, and 
ſubdivided by the nonius to every minute; it is 
numbered to 360 from the north towards the eaſt: 
beſides theſe, the tangents to 160 of the radius are 
aid down thereon. 

The upper plate is moved by turning the pinion; ;. 
on this plate are placed, at right angles to each 
other, two ſpirit levels for adjuſting more ac- 
curately the horizontal limb. 

NOP is a ſolid piece fitted on the upper SE 
zontal plate, by means of three capſtan headed. 
(crews, paſſing through three ſimilar ſcrews. -, By 
the action of theſe, the vertical arch may be ſet. 
perpendicular to the horizontal limb, or be made 
to move 1n a vertical plane. On this ſolid piece? 
are fixed two ſtout ſupports to carry the axis of 
the vertical arch, which arch is moveable by the 
pinion E. On the upper part of the vertical arch, 
are the Y's and loops to ſupport and confine the 
teleſcope ; the Y's are tangents to the cylindric. 

rings 


} a 


233 ESSAYS ON GEOMETRY, &c. 


rings of the teleſcope, which rings are turned and 
then ground as true as poſſible, and are prevented 
from moving backwards or forwards, by means of 
two ſhoulders. The teleſcope is acromatic, and 
may be adjuſted to the eye of the obſerver, or the 
diſtance of the object, by turning the milled nut B, 
The hairs are adjuſted by the ſcrews inthe eye tube, 
Under the teleſcope is fixed a ſpirit level C, the 
diſtance of whoſe ends from the teleſcope may be 
regulated by the ſcrews cc. 
Beneath the horizontal limb there is a ſecond 
teleſcope, which has both an horizontal and verti- 
cal motion: it is moved horizontally by the milled 
ſcrew H, and when directed to any object, is fixed 
in it's ſituation by another milled ſcrew; it moves 
vertically on. the axis ; there 1s an adjuſtment to 
this axis, to make the line of collimation move in 
a vertical plane. By the horizontal motion, this 
teleſcope is eaſily ſet to what is called the backſet 
ſtations ; the under teleſcope keeping in view the 
back object, while the upper one is directed to the 
fore object. Underneath the lower teleſcope is a 
clip to faſten occaſionally the main axis; this clip 
is tightened by the finger ſcrew L, and when 
tightened, a ſmall motion of the adjuſting ſcrew _ 
K, will move the teleſcope a few degrees, in order 
to ſet it with great accuracy. Beneath theſe is the 
ſtaff, the nature of which will! be ſufficiently 
evident from what was ſaid thereon in the deſerip- 
tion of the laſt theodolet, or by inſpection of the 
figure. . | 


To apjusT THE LEVELS OF THE HORIZONTAL 
PLATE. 5 


1. Place the inſtrument on it's ſtaff, with the legs 
thereof at ſuch a diſtance from each other, as will 
2 | glve 


ane half of the error by the capſtan ſcrews undes 
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give the inſtrument a firm footing on the ground. 
2. Set the nonius to 360, and move the inſtrument 
round, till one of the levels is either in a right line 
with two of the ſcrews of the parallel plates, or 


elſe parallel to ſuch a line. 3. By means of the 


two laſt mentioned ſcrews, cauſe the bubble in the 
fevet to become ſtationary in the middle of the 
glaſs. 4. Turn the horizontal limb by the milled 
nut half round, or till the nonius is at 180, and if 
the bubble remains in the middle as before, the 
level is adjuſted; if it does not, correct the poſition 
of the level, by turning one or both the ſcrews 
which paſs through it's ends, till the bubble has 
moved half the diſtance it ought to come to reach 
the middle, and cauſe it to move the other half by 
turning the ſcrews of the parallel plates. 5. Re- 
turn the horizontal limb to it's former poſition, 
and if the adjuſtments have been well made, the 


bubble will remain in the middle; if otherwiſe, 


the proceſs of altering muſt be repeated till it bears 
this proof of accuracy. 6. Now regulate the 
{crews of the ſtaff head, ſo that the bubble remain 
in the middle while the limb is turned quite round. 
7. Adjuſt the other level by it's own proper ſcrews 
to agree with that already adjuſted. 


To apjusr THE LEVEL UNDER THE TELESCOPE. 


1. The horizontal plate being levelled, ſet the 
index of the nonius of the vertical arch to o, pull 
out the two pins, and open the loops which con- 


fine the teleſcope. 2. Adjuſt the bubble by it's. 


own ſcrews. g. Reverſe the level, ſo that it's 
right hand end may now be placed to the left; if 
the bubble continues to occupy the middle of the 
glaſs, it is in it's right poſition ; if not, correct 


the 


2 


W 


\\ 
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the plate, and the other half by the ſcrews undef 
the level. 4. Reverſe the level, and correct if 
there is any occaſion, continuing the operations 
till the error vaniſhes, and the bubble ſtands in the 
middle i in both politions.. , 


To Apjusr THE Linz or Cor IMATION. 


r. Direct the teleſcope, ſo that the horizontal 
wire may coincide with ſome well defined parts of 
a remote object. 2. Turn the teleſcope ſo that 
the bubble may be uppermoſt; if the wire does 
not coincide with the fame part of the object as 
before, correct half the difference. by moving the 
vertical circle, and the other half by moving the 
wire, which is effected by the ſcrews in the eye 
tube of the teleſcope; and ſo on repeatedly, till 
the difference wholly diſappears. Laſtly, adjuſt 
the vertical wire in the ſame manner; when the 
two wires are properly adjuſted, their interſection 
will coincide exactly with the ſame point of in 
object, while the teleſcope is turned quite round. 


VarlaTIONS IN THE CONSTRUCTION OF Tuxopo- 
LETS WITH I ELESCOPIC SIGHTS. 


To accommodate thoſe who cannot afford to go 
to the price of the foregoing inſtruments, others 
have been made with leſs work, in order to be at- 
forded at a lower price; one of theſe is repreſented 
at fig. 5, plate 15. It is clear from the figure, that 
the ener conſiſts principally in the ſolidity 
of the parts, and in there being no rack work to 
give motion to the vertical arch and horizontal 
limb. The mode of uſing it is the ſame with the 
other, and the adjuſtment for the line of collima- 
tion, and the level under the teleſcope, is perfectly 
firailar to the ſame adjuſt ments in the inftruments 

| already 
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already deſcribed, a further geſeniption is there- 
fore unneceſſary. 

A larger kind is alſo made without rack work, 
like fig. 1, plate 16. 

A ſmall one was made by the late Mr. B. Mar- 
tin, in which the teleſcope has no vertical motion, 
but the horizontal motion is given by a pinion. 

1 have contrived a theodolet of the beſt ſort, 
whoſe adjuſtments are I think more perfect than 

thoſe of any other theodolet; it is repreſented in 

the frontiſpiece of this work, but I could nor get it 
finiſhed in time, to have the deſcription inlerted 
in this place. 

For the prices of theſe inſtruments, ſee catalogue 
at the end of the W | 


* 
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| DESCRIPTION, USE, ks 
d METHOD or ADJUSTING 
; fac 


HADLEYs QUADRANT- D 


« AT this appbintkel t time, when it pleaſed the 
Supreme Diſpenſer of every good gift to reſtore 
light to a bewildered world, and more particularly 
to manifeſt his wiſdom in the ſimplicity, as well 
as in the grandeur, of his works, he opened the 
glorious ſcene with the revival of ſound aſtro- 

nomy.“ This obſervation of an excellent philo- 
ſopher and phyſician is verified in every inſtance 
of the progreſs of ſcience; in each of which ve 
may trace ſome of the ſteps of that vaſt plan of 
Divine Providence, to which all things are con- 
verging, namely, the bringing all his creatures to 
a ſlate of truth, goodneſs, and conſequent happi- 
neſs; an end worthy of the beſt and wiſeſt of 
beings, and which we may perceive to be gradu- 
ally effecting, by the advancement of knowledge, 
the diffuſion. of liberty, and the removal of error, 
that truth and virtue may at laſt ſhine forth in all 
the beauty of their native colours. 

It is thus that the diſcovery of the compaſs gave 
riſe to the preſent art of navigation; and when 
this art grew of more importance to mankind, 
Divine Providence bleſſed them with the invention 

of Hadley's quadrant, omg in our own day and our 
own 


This account br Hadley 's Quadrant, &c. is extracted 0 
from a ſmall tract I publiſhed 8 ſome time ſince. urat 


I Sir John Pringle's Six Diſcourſes to the Royal Society. 
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own time has further improved both it and the 
art of navigation, by the preſent method of finding 
the longitude, which enables the mariner to aſcer- 
tain with certainty his ſituation on the unvaried 
face of the ocean. 

Hadley's quadrant or ſexcant 1 is the only known 
| inſtrument on which the mariner can depend, for 
determining with accuracy and preciſion his latitude 
and longitude. It is to the uſe of this inſtrument 
that navigation is indebted for the very great and 
rapid adyances it has made within theſe few years. 
It is eaſy to manage, and of extenſive uſe, requiring 
no peculiar ſteadineſs of hand, nor any ſuch fixed 
baſis as is neceſſary to other aſtronomical inſtru- 
ments. It is not the ſcience of navigation only, 
which is indebted to this inſtrument, but it's uſes 

are ſo extenſive in aſtronomy, that it may with 
propriety be called a portable obſervatory, and 1n this 
work we ſhall exemplify It's are to ſur- 
veying. : 

Mankind are ever deſirous of knowing to whom | 
they are indebted for any peculiar or uſeful diſ- 
covery ; it is the tribute of gratitude, and a reward 
to merit. In the preſent inſtance there is no dif- 
ficulty in giving the information, the reſpective 
claims of the inventors are eaſily decided. The 
firſt thought originated with the celebrated Dr. 
Hooke, it was completed by Sir Iſaac Newton, 
and publiſhed by Mr. Hadley. 

Notwithſtanding, however, the manifeſt Me 
periority of this inſtrument over thoſe that were 
in uſe at the time of it's publication, it was many 
years before the ſailors could be perſuaded. to 
adopt it, and lay aſide their imperfect and inac- 
Curate inſtruments : 0 great is the difficulty to 

R 2 remove 
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remove prejudice, and emancipate the mind from 
the ſlavery of opinion. 

No inſtrument has undergone, ſince the original 
invention, more changes than the quadrant of 


Hadley ; of the various alterations, many have 


had no better foundation than the caprice of the 

makers, who by theſe attempts have often rendered 
the inſtrument more complicated in conſtruction, 
and more difficult 1 in ulc, than it was in it 's original 
ſtate. 


it : ; | \ 
ESSENTIAL Pabrenrrka or HaDLEY's QUADRANT, 


It is not my intention under this head to enu- 
merate all the advantages of this inſtrument; 
but barely to point out one or two of thoſe effential 
properties which, diſtinguiſh it from every other 
inſtrument of the kind, and rank it among one of 


the greateſt improvements in the practice of navi- 


gation. ö * 
It is an eſſential property of this inſtrument, 
derived from the laws of reflection, that half de- 


grees on the arch anſwer to whole ones in the 


angles meaſured: hence an oQtant, or the eighth 
part of a circle, or 45 degrees on the arch, ſerves 
to meaſure 9o degrees; and ſextants will meaſure 
an angular diſtance'of 120 degrees, though the 
arch of the inſtrument is no more tham 60 degrees. 
It is from this property that foreigners term that 
inſtrument an octant, which we uſually call a 
quadrant, and which in effect it is. This property 
reduces indeed conſiderably the bulk of the in- 
ſtrument; but at the ſame time it calls for the 
utmoſt accuracy in the diviſions, as every error 

an the arch is doubled in the obſervation. 
Another eſſential, and indeed an invaluable 
be of this inſtrument, whereby it is rendered 
pecu- 
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peculiarly advantageous in marine obſervations, is, 
that it does not * any peculiar ſteadineſs of 
the hand, nor is liable to be diſturbed by the 
ſhip's motion; for provided the mariner can ſee 
dilinckly the two objects in the field of his inſtru- 
ment, no motion nor vacillation of the ſhip will 
injure his obſervation. 

Thirdly, the errors to which i it is liable are eaſily 
diſcovered, and readily rectified, while the appt | 
cation and uſe of it is facile and plain. L | 

The principal requiſites in a good ſextant or 
quadrant, are, 1. That it be ſtrong, and ſo con- 
ſtructed as not to bend acroſs the plane. 2. That 
it be accurately divided. 3. That the ſurfaces of 
the glaſſes be perfectly plane and parallel to each 
other. 4. That the index turn upon a long axis. 

That the motion be free and eaſy in every Part, 
and yet without the leaſt ſhake or jerk. 


Dxsckir ron or Haplkx- $ QUADRANT, 


Fig. 1, plate 19, repreſents a quadrant, or octant, 
of the common conftruction. The following parts 
are thoſe which require the particular attention of 
the obſerver. 


„„ 

II. D the index, a b the nonius ſcale. 

III. E the index. glaſs. 

IV. F the fore horizon-glaſs. 

V. G theback horizon-glaſs. 

VI. K the dark glaſſes or ſcreens. 

VII. H I the vanes or ſights. . 

VIII. The arc a b is called the limb or guad- 
ranlal arch ; the arc cd lying from 
o towards the right is called the 
arc of exceſs. 


Su 7 Os 


V. 
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i 3 


Or THE © Quaprat 


| The quadrant confiſts of an arch B E, firmly 
attached to two radii, or bars, AB, A ©, which 


are ſtrengthened and Ea together 10 the two 
braces LM, 


Or Tre INDEX, 


The. inden D i is a flat bar of braſs, that turns on 
the center of the octant; at the lower end of the 
index there 1s an oblong opening, to one fide of 
this opening a nonius ſcale is fixed, to ſubdivide 
the diviſions of the arch ; at the bottom or end of 
the index there is a piece of braſs, which bend; 
under the arch, carrying a ſpring to make the 
nonius ſcale lie cloſe to the divitions ; it is alſo 
furniſhed with a-ſcrew. to fix the index in any de- 
fired poſition. 

The beſt inſtruments have an adjuſting ſcrew 
fitted to the index, that it may be moved more 
ſlowly, and with greater regularity and accuracy 
than by the hand. It is proper, however, to ob- 
ſerve, that the index muſt be previouſly fixed near 
it's right poſition by the above-mentioned ſcrew, 
before the adjuſting ſcrew is put in motion. 

The circular arches on the arch'of the quadrant 
are drawn from the center on which the index 
turns: the ſmalleſt excentricity in the axis of the 


index would be productive of conſiderable errors, - 


It is the poſition of the index on the arch, after 
an obſervation, which points out the number of 


degrees and minutes contained in the obſeryed 
angle. | 


Os THE 1 GLASS E. 


Upon the index, and near it's axis, is e 
plane 
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lane ſpeculum, or mirror of glaſs quickfilvered: 
It is ſet in a braſs frame, and is placed ſo that the 
face of it 1s perpendicular to the plane of the in- 
ſtrument; this mirror being fixed to the index, 
moves along with it, and has it's direction changed 
by the motion thereof. 

This glaſs is deſigned to receive the i image of 
the ſun, or any other object, and reflect it upon 
either of the two horizon glaſſes, Ts. to rhe | 
nature of the obſervation. 

The braſs frame with the olaſs is fixed to the 
index by the ſcrew c; the other ſcrew ſerves to 
re- place it in a perpendicular poſition, if by any 
accident it has been Ane as will be ſeen 
Mieaſterr 

The index glaſs is often divided i into two parts, 
the one filvered, the other black with a ſmall 
ſcreen in front. A ſingle black ſurface has indeed 
ſome advantages but if the glaſſes be well ſelected, 
there is little danger to be apprehended of error 
from a want of paralleliſm; more is to be teared 
from the ſurfaces not being flat. 


Or Tus HoRlZON-GLAss ES F, E 


On the radius A B of the octant are two ſmall 
ſpeculums. The ſurface of the upper one is pa- 
rallel to the index-glaſs, when the counting divi- 
ſion of the index is at o on the arch; but the ſur- 
face of the lower one is perpendicular to the index- 
glaſs, when the index is at o degrees on the arch: 
theſe mirrors receive the reflected rays from the 
object, and tranſmit them to the obſerver. | 

The horizon-glaſſes are not entirely quickſil- | 
vered; the upper one, F, is only filvered on it's + 
lower part, or that half next the quadrant, the 
other half bang tranſparent, and the back part of 

„55 the 


- ©. 
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the frame is cut away, that nothing may impede of 
the ſight through the unſilvered part of the glaſs, af 
The edge of the foil of this glaſs is nearly parallel 
to the plane of the inſtrument, and ought to be very tio 
map; and without a e, ha 

The other horizon-glaſs is ſilvered at both ends; 

in the middle there is a tranſparent lit, through 

which the horizon may be ſen. 

| Each of theſe glaſſes is ſet in a braſs frame, to 4% 
3 which there is an axis; this axis paſſes through | 
the wood-work, and is fitted to a lever on the 4 
under fide of the quadrant; by this lever the glaſ f 


may be turned a few degrees on it's axis, in order 
to ſet it parallel to the index-glaſs. The lever has 
a contrivance to turn it ſlowly, and a button to fix 
it. Toſet the glaſſes perpendicular to the plane of 
the quadrant, there are two ſunk ſcrews, one be- 


fore and one behind each glaſs; theſe ſcrews paſs 36 

through the plate on which the frame is fixed, . 

into another plate, ſo that by looſening one, and q 
. tightening the other of theſe ſcrews, the direction 


- _ 


of the frame, with it's mirror, may be altered, 
and thus be ſet perpendicular to the plane of the 
inſtrument. | e 


* 


Or THE Suapks, or Dark Grassts, K. 


There are two. red or dark glaſſes, and one 
green one; they are uſed to prevent the bright rays 
of the ſun, or the glare of the moon, from hurting 
the eye at the time of obſervation. They are each 
of them ſet in a braſs frame, which turns on a cen- 
ter, ſo that they may be uſed ſeparately, or together, 
as the brightneſs of the ſun may require. The 
green glaſs may be uſed alſo alone, if the ſun be 
very faint; it is alſo uſed for taking the wee 


* 
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of the moon, and in aſcertaining her Gifance from 
a fixed ſtar. 


When theſe glaſſes are uſed for the fore obſerva. 


tion, they are fixed as in fg. 1; when uſed for the. 
back obſervation, they are removed to N. | 


Or THE rwo Senn VANES H, 5 Fs 


Fach of theſe vanes is a perforated piece of 
- braſs, deſigned to direct the fight parallel to the 
plane of rhe quadrant. That which is fixed at I 


is uſed for the fore, the other for- the back obſerva- 
tion. 5 1 


The vane I has two holes, one exactly at 1 8 
height of the quickfilvered edge of the horizon 
laſs, the other ſomewhat higher, to direct the 
light to the middle of the tranſparent part of the 
mirror, for thoſe objects which are bright enough 


to be refer from the unſilvered Part of the 
mirror. 


Or Furs Drvistons ON THE LIMB OF THE Quan 
RANT, AND OF THE Nox1vs ON THE INDEX. 


For a | deſcription, of theſe diviſions leg page 
127. ö 411 | 


Dixzerioxs To HoLD TA INSTRUMENT. 
it is recommended to ſupport the weight of the 
inſtrument by the right hand, and reſerve the left 
to govern the inde.” Place the thumb of the right · 
hand againſt the edge of the quadrant, under the 
ſwelling part on which the fore ſight (I) ſtands, 
extending the fingers acroſs the back of the quad- 


rant, ſo as to lay hold on the oppoſite edge, placing 
the fore finger above, and the other fingers below 


the 
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the ſwelling part, or near the fore horizon glaſs: 
thus you may ſupport the inſtrument conveniently, 
in a vertical poſition, by the right hand only; by 


reſting the thumb of the leſt hand againſt the ſide, 


or the fingers againſt the middle bar, you may 


move the index gradually either way. 


ln the back obſervation, the inſtrument ſhould 
be ſupported by the left hand, and the index be 


governed by the right. 


Or Taz Axts ov Visiox, ox Ling or SIGHT, 
Of the two objects which are made to coincide 
by this inſtrument, the one is ſeen directly by a 
ray paſſing through, the other by a ray reflected 


from the fame point of the horizon glaſs to the 
eye. This ray is called the viſual ray; but when 


it is conſidercd merely as a line drawn from the 


middle of the horizon glaſs to the eye hole of the 
fight vane, it is called the axis of viſiuun. 


The axis of the tube, or teleſcope, uſed to direct 
the ſight, is alſo called the axis of viſjon,  *_ 
The quadrant, if it be held as before directed, 


may be eaſily turned round between the fingers and 


thumb, and thus nearly on a line parallel to the 
axis of viſion; thus the plane of the quadrant wil 


paſs through the two objects when an obſervation 


is made, a circumſtance abſolutely neceſſary, and 


which is more readily affected when the inſtrument 
is furniſhed with a teleſcope; within the teleſcope 
are two parallel wires, which by turning the eye 
_ glaſs tube may be brought parallel to the plane of 


the quadrant, ſo that by bringing the object to 
the middle between them, you are certain of having 
the xais af viſion parallel to the plane of the 
qusad rant... * n S100 07 

Noe Or 
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Or THE NECESSARY AvjusrnanTs. 


It is a peculiar excellence of Hadley's quadrant, 
that the errors to which it is liable are eaſily de- 
tected, and ſoon rectified; the obſerver may, there 
fore, if he will be attentive, always put his inſtru- 
ment in a ſtate fit for accurate obſervation. The 
importance of this inſtrument to navigation is ſelf. 
evident; yet much of this importance depends on 
the accuracy with which it is made, and the ne- 
ceſſary attention of the obſerver ; and one would 
hardly think it poſſible that any obſerver would, 
to ſave the trifling ſum of one or two guineas, pre- 
fer an imperfect inſtrument to one that was rightly 
conſtructed and accurately made; or that any con- 
ſideration ſhould induce him to neglect the adjuſt. | 
ments of an inſtrument, on whoſe truth he is fa 
highly intereſted. But ſuch is the nature-of man! 
he is too apt to be laviſh on baubles, and penuri- 
ous in matters of conſequence; active abont trifles, 
indolent where his welfare and happineſs are con- 
cerned. The adjuſtments for the fore obſervation 
are, 1. To ſet the fore horizon glaſs parallel to 
the index glaſs; this adjuſtment is of the utmoſt 
importance, and ſhould always be made previous 
to actual obſervation. The ſecond is, to fee that 
the plane of this glaſs is perpendicular to the plane 
of the quadrant. 3. To ſee that the index glaſs is 
perpendicular to the plane of the inſtrument, 


To Apjusr THE Fore Hor1zon GLass. 


This rectification is deemed of ſuch i importance, 
that it is uſual to ſpeak of it as if it included all 
the reſt, and to call it aDjUSTING THE -INSTRU=- 
MEN T. It is, ſo to place the horizon glaſs, that 
the inder may ſhew upon the arch the true angle 

| between 


j 
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between the objects: for this purpoſe, ſet. the i in. 
dex line of the nonius exactly againſt o on the 
limb, and fix it tliere by the ſcrew at the under 
ſide. Now look through the fight I at the edge 
of the ſea, or ſome very diſtant well-defined mal 
object. The edge of the ſea will be ſeen directly 
through the unſilvered part of the glaſs, but by 
reflection in the ſilvered part. If the horizon in 
the filvered part exactly meets, and forms one 
continued line with that ſeen through the unſilver- 
ed part, then is the inſtrument ſaid to be adjuſted, 
and the horizon glaſs to be parallel to the index 

laſs. But if the horizons do not coincide, then 

ofen the milled: nut on the under fide of the 
quadrant, and turn the horizon glaſs on it's axis, 
by means of the adjuſting lever, till you have made 
them perfectly coincide; then fix the lever firmly 
in the ſituation thus obtained, by tightening the 
milled nut. This adjuſtment ought to be repeat. 
ed before and aſter every aſtronomical obſer- 
vation. 

80 important is this rectification, that expe- 
| fenced obſervers, and thoſe who are defirous of 
being very accurate, will not be content with the 
preceding mode of adjuſtment, but adopt another 
method which is uſually called finding the index 
. error; a method preferable to the foregoing, both 
þ for ay and accuracy, 


To FIND THE InDEX Exxon. 


Inſtead of fixing the index at (o), and moving 
che horizon glaſs, till the image of a diſtant object 
coincides with the ſame object ſeen directly; 4 
the borixon glaſs remain fixed, and move the index 
oy the image" and _—_ coincide ; then obſerve 

| | whether 


_- 
—— 


whether the index diviſion on the nonius agrees 
with the © line on the arch; if it do not, the 
number by which they differ is a quantity to be 
added to the obſervation, if the index line is be- 
yond the © on the limb; but if the index line of 
the nonius ſtands between o and 9o degrees, then 
this error is to be ſubtracted from the obſerva- 
tion.“ ä 


We have already oblirved; that that part of the 
arch beyond o, towards the right hand, is called 
the arch of exceſs; and that the nonius when at 
that part muſt be read the contrary way, or which 
is the ſame thing, you may read them off in the 
uſual way, and then their complement to 20 min. 
will be the real number of degrees and minutes to 
be added to the obſervation. 


To MAKE THE INDEX GLASS anD Fort HoRIZz ON 
GLass PERPENDICULAR TO THE PLANE OF, THE 


% 


INSTRUMENT. 


Though theſe adjuſtments are e neither ſo neceſ- 


fary nor important as the preceding one, yet as 
after being once performed they do not Yequire to 
be repeated for a conſiderable time, and as they 
add to the accuracy of obſervation, they ought not 
to be neglected; and further, a knowledge of 
them enables the mariner to examine and form a 
proper judgment of his inſtrument. 


To 


-_ 
% 


* This 1 may be made more 8 or the error 
better found, by uſing the ſun inſtead of the horizon; but 
Bn method requires another ſet of dark glaſſes, to-darken 

the dire& er 


lowing Mlenpiion of the ſextant. 
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the ſun; ſuch a ſet is applied to the beſt inſtru- 
ments, and this method of adjuſtment 1s explained in the fol- 


% 
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Xo ADJUST THE Ibex GLass. 


Dh aden conſiſts in ſetting the plane of 
the index glaſs perpendicular to that of the in- 
firument. 

Method k. By means of the two adjuſting 
wats. repreſented at fig. 2 and 3, which are two 


0 wooden frames, with two lines on each, exactly 


at the fame diſtance from the bottom. 


Place the quadrant in an horizontal poſition 


on a table, put the index about the middle of the 
arch, turn back the dark glaſſes, place one of the 
above-mentioned tools near one end of the arch, 
the other at the oppoſite end, the fide with the 
lincs towards the index glaſs ; then look down the 
index glaſs, directing the fight parallel to the 
plane of the inſtrument, you will ſee one of the 
tools by direct viſion, the other by reflection in 
the mirror; by moving the index a little, they 
may be brought exactly together. If the lines 
coincide, the mirror 1s rightly fixed ; if not, it 
muſt be reſtored to it's proper fituation by loolen- 
ing the crew c, and tightening the ſcrew d, or 
vice verſa, by tightening the {crew 29 and re- 
leaſing the ſcrew d. 

Method 2. Hold the 3 in an bo- 
rizontal poſition, with the index glaſs cloſe to the 
eye; look nearly in a right line down the glaſs, 
and in ſuch manner, that you may ſee the arch of 
the quadrant by direct view, and by reflection at 
the fame time. If they join in one direct line, 
and the arch ſeen by reflection forms an exact 
plane with the arch ſeen by direct. view, the glaſs 
is perpendicular to the plane of the quadrant; if 
not, the error muſt oy rectiied, by alcering the 

| polition 
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poſition of the ſcrews behind the frame, as direct- 
ed above. wy 


To ASCERTAIN WHETHER THE Fore Hor1zoN 
GLASS BE PERPENDICULAR TO THE PLANE or 
THE INSTRUMENT. ba | 


Having adjuſted the index and horizon glaſſes 
agreeable to the foregoing directions, ſet the index 
divifion of the nonius exactly againſt o on the 
limb; hold the plane of the quadrant parallel to 
the horizon, and obſerve the image of any diſtant 


object at land, or at ſea the horizon itſelf ; if the 


image of the horizon at the edge of the ſilvered 
part coincide with the object ſeen directly, the 
claſs is perpendicular to the plane of the inſtru. 
ment. If it fall above or below, it muſt be ad- 
juſted. If the image ſeen by reflection be higher 
than the object itſelf ſcen directly, releaſe the fore 
ſcrew, and tighten the back ſcrew, and vice verſa; 
if the image ſcen by reflection be loweſt, releaſe 
the back {crew and ſcrew up the fore one: and 
thus proceed till both are of an equal heighr, and 
that by moving the index you can make the image 


and the object appear as one. 


4 


Or: Adjuſt the fore horizon glaſs as directed in 
page 252; then incline the quadrant on one fide 
as much as poſſible, provided the horizon con- 
tinues to be ſeen in both parts of the glaſs. If, 
when the inſtrument 1s thus inclined, the edge of 
the ſea continues to form one unbroken line, the 
quadrant is perfectly adjuſted ; but if the reflected 
borizon be ſeparated from that ſeen by dirc& 


viſion, the ſpeculum is not perpendicular to the 


plane of the quadrant. And if the obſerver is in- 


clined to the right, with the face of the quadrant 


upwards, and the reflected ſea appears higher than 
A 3 


: 
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the real ſea, you muſt. ſlacken the ſcrew. before 


the horizon glaſs, and tighten that which is be. 
hind it; but if the reflected ſea appears lower, the 
contrary muſt be performec. 


Care muſt be always taken in theſe 9 


to looſen one ſcrew, before the other is ſcrewed up, 
and to leave the adjuſting ſcrews tight, or ſo as to 
draw with a moderate force againſt each other. 
Is: adjuſtment. may be alſo. made by the ſun, 
moon, or ſtar; in this caſe the quadrant may be 
held in a vertical poſition; if the image "hor by 
reflection appears to the right or left of the object 

ſeen directly, then the glaſs muſt be > adjuſted as 
before by the two ſcrews: 110 


Or THE eee FOR THE Back Onsn- 


MEM! VATION. FFC; 


The 1 obſervation is fo called, becauſe the 

back. is turned upon one of the two onſeen whoſe 
angular diſtance is to be meaſured. 
The adjuſtment conſiſts in making the reflected 
image of the object behind the obſerver coincide 
with another ſcen directly before him, at the ſame 
time that the index diviſion of the nonius is di- 
realy againſt the o diviſion of the arch. 

The method, therefore, of adjuſting it, conſiſts 
in meaſuring the diſtance of two objects nearly 
180 degrees apart from each other; the arc paſling 

through each object muſt be meaſured in both it's 
parts, and if the ſum. of the parts be 360 degrees, 
the ſpeculums are adjuſted; but if not, the axis of 
the horizon glaſs muſt be moved till this ſum Is 
obtained. 

Set the index as far behind o as twice the dip of 
the horizon amounts to; then look at the horizon 
through the lit near G, and at the ſame time the 


oppoſite 


"E88AYS ON GEOMETRY, Ke. 


to coincide, and the quadrant is adjuſted. 


There is but one poſition in which the quadrant 
| can be held with the limb downwards; without 
cauſing the reflected horizon to croſs-the part ſeeth 


by direct viſion: 


If, on trial, this pofitich be found to be that i in 
which the plane of the quadrant is perpendicular 
to the horizon, no farther adjuſtment is neceſſary, 
than the fore-mentioned one; but if the horizons. 
croſs each other when the quadrant i is held upright; 
| obſerve which part of the reflected hotizon is 


loweſt. 


257 
oppoſite edge of the ſex will b ppear by reflection 155 


inverted, or upfide down. By moving the lever 
of the axis {if neceſſary), the edges may be made 


If the right-hand part be loweſt; the funk ſcrew 
which is before the horizon- glaſs muſt be tightened 


after flackening that which is behind the glaſs ; 


but if the right hand is higheſt; the contrary 


be 
much leſs importance than the — 
does not ſo much affect the angle meaſure 


[nconvENIENCIES AND In accuracies of THE. 


Back OBsERVATION. 


The occaſions, in which the back obſervation is 

w be uſed, are when the altitude of the ſun or a 
| ſar is to be taken, and the fore horizon is broken 
by adjacent ſhores ; or when the angular diſtance 
between the moon and ſun, or a ſtar, exceeds 9o 
degrees, and is required to be meaſured for obtain- 


ing the longitude at ſea: but there are ob 


the latitude may be known from it's beari 
3 


jections 
to it's uſe in both caſes; for if a known land lie a 
few miles to the north or ſouthward of a ſhip, 
ng and 
diſtance, without having recourſe to obſervation : 


and 


muſt 
performed : this adjuſtment is, however, of 


as it 
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and again, if the diſtance of the land in miles ex. 
ceed the number of minutes in the dip, as is almoſt 
always the caſe in coaſting along an open ſhore, 
the horizon will Pat be broken, and the os obſer. 
vation may be uſed: and laſtly, if the land be too 
near to uſe the fore{obfervartion,lit's| extreme points 
will in general be ſo far aſunder, as to prevent the 

_ adjuſtment, by taking away the back horizon. In 
the caſe of meaſuring the angular diſtances of the 
heavenly bodies, the very great accuracy required 
in theſe obſervations, makes it a matter of impor. 
tance that the adjuſtments ſhould be well made, 
and frequently, examined into. But the quantit) 
of the dip is varied by the pitching and rolling of 
the ſhip; and this variation, which is perceptible 
in the meaſuring altitude by the fore obſervation, 

+1 is doubled in the adjuſtment for the back obſetva- 
tion, and amounts to ſeveral minutes, It is like- 
wife exceeding.difficult, in a ſhjp under way, to 
hold the quadrant for any length of time, ſo that 
the two horizons do not croſs each other, and in 

a the night the edge of the ſea cannot be accurately 
| . diſtinguiſhed. All theſe circumſtances concur to 
render the adjuſtment uncertain; the fore obſer- 
vation is ſubject to none of theſe inconveniencies. 
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HADLEY SEXTANT, 


Li» 1 4545 


As the taking the angular diſtances of the 1 55 


at the ſun, or à ſtar, is onè of the beſt and moſt 
accurate methods of diſcovering the longitude, it 


was neceffary to enlarge the arch of the octant to 
the ſixth part of a.circle;' hut as the obſeryations 
for determining the long! tude muſt be made with 
the utmoſt! e the'framing of the inſtrument. 


was alſo altered, that it might . rendered more 


ad to the ſolution of this important problem. 
Hence aroſe the preſent eonſtruction of the ſextant, 


in the deſeription of which, it is preſumed thar 
Si foregoing pages have been read, as otherwiſe. 
we ſhould be Unliged: to repeat the ſame SF" 


vations.” EN. 4 $04] 

Sertants are et executed (forks rrifling 5 da- 
nations exce; pted) on two plans; in the one, all 
the ande are left to the obſerver: he has 
it in his power to examine and rectify every part of 
his inſtrument. This mode is founded on this ge- 
neral principle, that the paris of no inſtrument can 


be ſo fixed as to remain accurately in che ſame 
poſition: they had when firſt put out of the maker's 


hand ; and that therefore the principal parts ſhould' 


de made moveable, that their poſitions may be 


examined and rectified. from time to time by the 
obſerver. .. 

In the ſecond conſtruction, the principal adjuſt- 
ment, or that of the horizon glaſs for the index. 
error, is rejected; and this rejection is s grounded 
upon two reaſons : 


82 | 1. That 
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1. That from the nature of the adjuſtment i it 


frequently happens that a ſextant will alter. even 


. during the time of an obſervation, without an 
apparent cauſe whatever, or without being ſenſible 
at what period of the obſervatian ſuch alteration 

took place, and conſequently the obſerver 1 1s unable 
to allow for the error of adjuſtment. . _ 

2. That this adjuſtment is not in itſelf fufficiently 
exact, it being impoſſible to adjuſt a ſextant with 
the ſame accuracy by the coincidence of two ima 
of an object, as by the contact of the limbs there. 
of; and hence experienced and accurate obſervers 
have always directed the index error to be found 
and allowed for, which renders the adjuſtment of 
the horizon glaſs, in this direction, uſeleſs; for it 
is eaſy to place it nearly parallel to the index plaſs, 
when the inſtrument is made, and then to fix it 
firmly in that poſition by ſcrews. The utility of 
this method is confirmed by experience: many 
ſextants, whoſe index had been Wee, previous 
to their being carried out to India, have been found 
ro remain the ſame at their return. 


Notwithſtanding the probable. certainty of the 


horizon glaſs remaining permanently in it's ſitua- 
tion, the obſerver ought from time to time to 
examine the index error of his inſtrument, to ſee 
if it remains the ſame; or make the proper alloy- 
_ ances for it, if any alteration ſhould have taken 
place. 

One material point in the formyrion of a ſextant 


is ſo to conſtruct it, that it may ſupport it's os 


weight, and not be liable to bend by any inclina- 
tion of the plane of the inſtrument, as every flexure 
would alter the relative poſition of the 2 on 


Nos the determination of an angle depe 
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751 +3 | J 5 p 4 4 111 C wok : 
_.. > D8$CRIPTION OF THE SEXTANT, ., 
8 h I'S. IN W . * 8 "is * 2 „ 44 3 


Fig. I, plate 19, repreſents the ſextant, ſo framed, 
as $ x Ag 6 liable to bend. The arch A A 18 
divided into 120%, each degree is divided into 
three parts, of courſe equal to 20 minutes, 
which ate again ſubdivided by the nonius into 
every half minute, or 30 ſeconds: ſee the na- 
tute of the nonius, and the general rule for eſti- 
mating the value thereof, in the preceding part of 
theſe eſſays; Every ſecond diviſion, or minute, 
on the nonius is cut longer than the intermediate 
ones. The nonius is numbered at every fifth of 
theſe longer diviſions, from ' the right towards the 
left, with 5, 10, 15, and 20, the firſt diviſien 
towards thè right' hand being to be confidered as 
the index dieiſion. 5 1.8971; i HI $ £1 


4 
4 


the finger ſcrew C. Care ſhould be taken not to 
force the adjuſting ſcrew when it arrives at either 
extremity” of it's adjuſtment. When the index is 
to be moved any conſiderable quantity, the ſcrew 
C at the back of the ſextant muſt be looſened ; 
but when the index is brought nearly to the divi- 
ſion required, this back ſcrew ſhould be tightened, 
and then'the index may be moved gradually by 
the "adjuſting ſcrew. A froall ſhade is ſometimes 
fixed to that part of the index where the nonius is 
divided; this being covered with white paper, re- 
flects the light ſtrongly upon the diviſions. 
There are four tinged glaſſes at D, each of which 
is let in a ſeparate frame turning on a center: they 
401014 e 8 3 are 
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Fre uſed to ſcreen and fave the eye from the bright. 
neſs.of the ſolar image and the glare of the moon, 
and may be uſed ſeparately » or together, as ogca- 
ſion requires. wy, A lofi a * | 115 Ine 
There are three more ſuch glaſſes placed de⸗ 
hind the horizon glaſs at E, to weaken the rays « 

the, ſun or moon, when, they are, viewed, direct) 
through the horizon glaſs, The paler glaſs, is 


fometimes.ſed in oblerying altirudes ah he | 
oft the ſtrong glare of the horiz 


38 AA n 21357 983 2081 134 tor; 
The frame of the index glaſs}. firmly fixed by 


. 


a firong cock to the center plate of the index. 
The horizon glaſs F is fixed in a frame that turns 
on the axes or pivots, which move in an extęriot 
frame ; the holes in which the pivots mode pay be 
tightened by four ſcrews, in the exterior frame; G 
is a ſcrew by which the horizon glaſs may be ſet 
Riba to the plane of the Miet, ſhould 
this. new TEE or, move too | eaſy, it 
may be cafily tightened hy turning the capſtan- 
headed ſcrew H, which. i on one fas the ſocket, 
through which the FEY of the finger-{crew paſſes. 
Thie ſextant is furniſhed with a plain fupe, Ig. 
7, Without any glaſſes; and to render the objec | 
ſtill more diſtinct, it has alſo tuo teleſcopes, one, 
Jig. 5, tepreſcnting the objects erect, or in their 
natural poſition. The longer one, fig. 6, ſhews 
them inverted ; it has a large field of view, and 
other advantages; and a little uſe will ſoon accuſ- 
tom the obſerver to the inverted poſitign, and the 
inſſrument pill be ag, readily managed by it 0 


* 


** 


* 
- 


the plane tube alone. By a teleſcope, the conta 
of the images is more perfectly Red: 

h 82-4 1 Ka 8 1 8 12. . * 121 # F; : } 
by the place of, the images in the field of che jele- 
ſcope. it is eaſy; to_perceive, whether the ſextant is 
held in the, proper. plane for, obſeryation. , By 
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| ſliding 
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fiding the tube that contains the eye-glaſſes in the 
inſide of the other tube, the object is ſuited to 
different eyes, and made to 1 ent diſ- 85 
tinct and well defined. hy 

The, teleſcopes are to be ſerewed into a bücher 
ring, at K; this ring reſts on two points againſt an 
exterior ring, and is held thereto by two ferews: by q 
turning one, and tightening the other, the axis of the 
teleſcope may be ſer parallel to the plane of the fex="" 
unt. The exterior ring is fixed on a triangular brafs' 
ſtem that ſlides in_a ſocker, and by means of a, 
ſcrew at the back of the quadrant, 57 be raiſed. 
ar lowered: ſo as to move the center of the tele- 
ſcope to point to that part of the horizon-glaſd 
which ſhall be judged the moſt fit for obſervation,” 
Fig. 8, is a circular head, with tinged glaſſes. to 
ſcrey on the eye-end of either of the teleſcopes, or ug 
the plane tube. The glaſſes are contained in a. 
circular plate, which has four holes; three of theſe 
are fitted with tinged glaſſes, the fourth is open. 
By preſſing the finger againſt the projecting . 
of this circular plate, and turning it round, the open 
hole, or any ot the tinged glaſſes, may be brought 
between the eye- glaſs ot the teleſcope and the eye. 

Fig. 9, a {mall n Fig. 10, a (ms. a 
nifying glaſs. . i eee e : 14; 
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To find the index error, is, in other words, to' 
ſnew what number of degrees and minutes is indi- 
cated by the nonius when the direct and reflected 
images of an object coincide: with each other. 

The moſt general and moſt certain method of 
aſcertaining, this error, is to meaſure the diameter of 
the ſun, by bringing the limb of it's image 10 co- 
"cite wth the hmb of the ſun itlelf ſeen directly 


8 4 „„ 
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"Both on the qundranca] arch, and on the arch of 
"excels. | e 

It the aner taken by moving the index for 
ward on the quadrantal arch be greater than that 
taken on the arch of exceſs, then half the differ. 
ence is to be /ubirated ; but if the diameter taken 
on the arch of exceſs be greater than that by the 
quadrantal arch, half the difference is to be added, 
If the numbers ſhewn on the arch be the ſame in 
both caſes, the glaſſes are truly parallel, and there 
1s no index error; but if the numbers be differ- 
Er. then half the difference is the index error.“ 

t is, however, to be obſerved, that when the in- 
* is on the arch of exceſs, or to the right of o, 
the compliment of the numbers ſhewn on the no- 
nius to 20 ought to be ſet down. 

Several obſervations of the ſun's diameter ſhould | 
Won made, and a mean taken as the reſult, which 
will give the index error to very great exactneſs. 

Example. Let the numbers of minutes ſhewn 
--by the index to the right of zero, when the limbs 
of the two images are in contact, be 20 minutes, 
and the odd number ſhewn:by the nonius be 5, the 
compliment of this to 20 is 15, which, added to 
20 gives 35 minutes; and, ſecondly, that: the 
number ſhewn' by the index, when on the left of 
(CRAIG: and the | oppoſite limbs are in contact, be 
20 minutes, and by the nonius g' 30", which 
makes: together. 29 30%; this ſubtrated from 35 
gives 5! 300, which. divided by 2, gives 2 45“ for 
the index error; and becauſe the greateſt of the 
two numbers thys ound, was when the index was 

TY: 10 


een Eller wordd, me Agde B the degree and 
minute ſhewh by the index; fſt, when the lower reflected 
limb of the dun by exabtly in n Contact with the upper limb of 

1:the; ſun; and ſecondly, when the upper edge of the image i 


in contact with the lower edge of the object, divided by 2 
will be the index error. 


* 
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to the right of the o, this index error muſt be 
added to the number of degrees ſhewn on * arch 
at the time of an obſervation. 


| To er THE Hoz1zon Grass PERPENDICULAR: To 
THE PLANE or THE SEXTANT, | 


Direct the teleſcope to the ſun, a ſtar, or an 
other well-defined: object, and bring the direct 
object and reflected image to coincide nearly with 
each other, by moving che index; then ſet the two 
images parallel to che plane of the ſextant, by 
turning the ſcrew, and the images will paſs exactly 
over each other, and the mirror, er vet M * 
juſted i in this direction. 5 


To szr THE Axis or THE I eee PARALLEL, 
10 THE PLANE OF THE SEXTANT. WS, 


We have already obſerved, that in meaſuring 
angular diſtances the line of ſight, or plane of ob- 
ſervation, ſhould be parallel to the plane of the in- 
ſtrument, as a deviation in that reſpect will oc- 
eaſion great errors in the obſervation, and this is 
moſt ſenſible in large angles: to avoid theſe, a 
teleſcope is made uſe, of, in whoſe field there are 

Kd two wires parallel to each other, and equi- 
tant from the center. Theſe: wires may be 
placed parallel to the plane of the ſextant, by 
turning the eye-glaſs tube, and conſequently, by 
bringing the object to the middle between them, 
the-obſerver may be certain of having the axis of 
k viſion parallel to the plane of the quadrant. 


To ADJUST THE Titxscope. 7 


| Screw the teleſcope in it's place, and turn the 
eye - tube round, that the wires in the focus of the 
oh cye-glaſs may be Parallel o rhe plane of the inſtru 

ment: 
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| ment: then ſeek two objects, as the ſun and moon, | 
or the moon and a ſtar, whoſe diſtance ſhould, for 
this putpoſe, exceed go degrees; the diſtance of the 
ſun and moon is to be taken great, becauſe the fake 
| deviation of the axis will cauſe'a greater error, 
and vill conſequently: be more eafily: diſcovered, 
| Move the index, ſo as to bring the limbs of the 
ſun and moon, if they are made uſe of, exactly in 
contact with that wire u hich is neareſt to the plane 
of the ſextant; fix the index there: then, by altering 
a little the poſition of your inſtrument, make the 
mages appear on the wire furtheſt from the ſex- 
tant. If the neareſt limbs be now preciſely in 
contact as they were before, then the axis of the. 
teleſcope is in it's right ſituation. But if the limbs 
af the tWO objects appear to ſeparate at the wie 
that is furthelt from the plane of the inſtrument, it 
ſhews that the object end of the teleſcope inclines 
towards the plane of the inſtrument, and muſt be 
rectißied by tightening the fereu neareſt the ſex-" 
tant, having pre viouſſy unturned the forew: furtheſt: 
from it. It che images overlap each other at the 
wire furtheſt from the ſextant, the object end af 
che tele cope is inclined from the plane er the ſex- 
tant, and the higheſt ſcrew . muſt be turned towards 
the right, and the loweſt ſcrew towards the leſt: 
by repeating this operation a few times, the contact 
will be preciſely the ſame at both wires, and con- 
ſequebily the axis of the deleſcope hos be: parallel 
to the Wane of the tet. etc 3 


$1906 1.3, ox 4 518595 


To EXANINE THE Grazzesc or 4 \ SexTan,10n.. 


3 Quanras' Fa 


A923.) iar o 15134 

. To find 8 the two ſurfaces of any one 

be reflecting g laſſes be parallel, apply your, eye. nn 
2 one end of 15 pet: e Ty: the imape'of' ſome 
5 i | object 
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object reflected very obliquely from it; if that 
image appears ſingle, and well-defined about the 
edges, it is a proof that the ſurfaces are ann! K 
on the contrary, if the edge of the reflected i 
appear miſted, as if it threw a ſhadow from it, or 0 
ſeparated like two edges, it is a proof that the two. 
ſurfaces of the glaſs are inclined to each other: if 
the image in the ſpeculum, particularly if that 
image be the ſun, be viewed through a ſmall tele⸗ 
ſcope, the examination will be more perfect. 1 
2. To find whether the ſurface of a reflecting a 
glaſs be plane. Chuſe two diſtant objects, nearly 
on a level with each other; hold the inſtrument in 
an horizontal poſition, view the left hand object 
directly through the tranſparent part of the hori- 
zon glaſs, and move the index till the reflected 
image of the other is ſeen below it in the ſilver 
rt; make the two images unite juſt at the line 
Epartion, then turn the inſtrument round lowly 
on it's own plane, ſo as to make the united images 


move A ee line of ſeparation of the horizon 
glaſs, 


ceding from each ferner or vatying their leſp = 
tive poſition, the reflecting ſur face ls a good plane.” 
The obſerver muſt be careful that he does not give 
the inſtrument a motion about the ais of viſion, | 
1 nt will cauſe a poration if the } Planes be 227 71, 
BE 163. £ | # 
To find if the two furice of 4 red or dark. 3 
ening glaſs are parallel and perfectly plane. 5 113 
diffcult, nay almoſt impoſſible to F f 
ſhades perfectly parallel and good; : they will 
therefore, according totheir aeren combinations, 
on differen altitudes or meaſures of the ſun and 


1 
1 
4 7 4 
-4 _ 


tt} 


"Th beſt way to diſcoyer the error of the bade 


0 


ö 
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is to'take the ſun's diameter with a piece of 
ſmoaked glaſs before your teleſcope, all the vanes 

ting removed ;" then take away” the ſmoaked 
laſs, _ ahd view the fun through each ſhade and 
e ſeveral "combinations thereof.” If the two 
nages ſtill remain in contaQ, the glaſſes are good; 
Bur ff they ſeparate, the error is to be attributed to 
the dark glaſſes, which muſt either be changed, 
or the error found in each combination muſt be 
allowed for in the obſervations. If you uſe the 
fame dark glaſſes in the obſervation as in the ad- 
| Jeſter, ets will he no error in the oberv 


Ax IMPORTANT/ REMARK. J( 


: 


©" The following very important obſervation of 
Dr. Blair's did not occur in engt ts te ln 
ſerted in it's proper place, and yet was of too 
much conſequence. to be altogether neglected, 
Befides, the errors already mentioned, to which 
the Hadley's quadrant, &c. is liable, there is 
another, which ſeems inſeparable from the con- 
ſtruction and materials of the inſtrument. It 
ariſes from the bending and elaſticity of rhe index, 
and the reſiſtance it meets with in turning round 


8 * 


To obviate this error, let the obſerver be care- 
ful always. to finiſh his obſervations, by moving the 
index in the ſame direction which was uſed in 
ſetting it to © for adjuſting, or in finding the 
J 7 

hs The direction of the motion is indeed indif. 
ferent; but as the common practice in obſerving is 
fo finiſh the obſervations by a motion of the index 
in that direction which increaſes the angle, that is, 
in the fore obſervation from 6 towards 90, 2. 
HS 1 8 e 
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A be well if the obſerver would opt it as 4 
general rule, to finiſh the motion of th e index, * 
buſhing i it from him, ar turning the i 5 in _ 
direction which carries it farth r fro 

finiſhing the motion of the ihe ex, 


the laſt 1 of hs 75 


don. 10116 ni bnabtorgies of Ew 
Or Hapuer's $ Sexraxr, as vs8D IN Servers 


No inſtrument can be ſo conveniently uſed for 
oe angles in maritime ſurveying, as Hadley's 
ſextant. It is uſed with equal facility at the maſt 
head, as upon deck, by which it's ſphere of ob- 
ſervation, is . extended: Jor, ſuppoſing many 
iſlands to be viſible is the. maſt head, and, only 
ove from deck, no uſeful obſervation. can be made 
y any other inſtrument. Fu t by this, angles, may 
be taken at the , maſt head. from the one viſible 
object with great exactneſs; and further, l 5 
angles fromm 11 „as hills, or a ſhip's, % 
head, is almoſt & the ly Way of 7 5 Geert 
the figure and 7 5 the ſho: x 

It has been ohjected to "the c pt Hadley's kx 
tant for ſurveying, that it *. not meaſure 
horizontal angles, by which alone a plan can b = 
laid down. This obſervation, however true in 
theory, may be obyiated i in practice by a little tear 
tion. | | 

Ifan angle be 'neured faxes an obj ect 115 

an elevation, and ene bee it in a 

the difference between the baſe, which 18 he bt hors 
zontal angle, and the hypothenuſe, . whj 
angle obſerved, may be very ae bur l. 15 e . 
objects are meaſured, not from each other, but 
from ſome very diftant object, the difference be- 
| tween 
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' tween the angles of each from the very diftant 
one will 'be very near the fame as the horizon. 
tal angle. This may be ſtill further corrected, by 
meaſuring the angle not between an object on a 
plane and an object on an elevation, but between 
the object on a plane and ſome object in che ſame 
direction, as the elevated object of which the eye 
is ſufficiently able to judge. by 


How To OBSERVE THE HORIZONTAL ANGLE, OR 
- ANGULAR DISTANCE, BETWEEN TWO OBJECTS. 


_ Firſt adjuſt the fextant, and if the objects are 
not ſmall, pitch on a ſharp top, or corner, or 
fome ſmall diſtin& part in each to obſerve; then 
having fet the index to o deg. hold the ſextant 
horizontally, as above direQted, and as nearly in a 
plane paſſing through the two objects as you can; 
direct the fight through the tube to the left-hand 
object, till it is ſeen directly through the tranſpa- 
rent part of the horizon glaſs: keeping that object 
ſtill in ſight there, move the index till the other 
object 1s Ren by reflection in the filvered part of 
the horizon glaſs; then bring both objects. together 
by the index, and by the inclination of the plane 
of the ſextant when neceſſary, till they unite as 
one, or appear to join in one vertical line in the 
middle of the line which divides the tranſparent 
and refleQing parts of the horizon glaſs: the two 
objects thus coinciding, or one appearing directly 
below the other, the index then ſhews on the limb 
the angle which the two objects ſubtend at the 
naked eye. This angle is always double the incli- 
nation of the planes of the two reflecting glaſſes to 
one another; and therefore every Le 
minute the index is actually moved from o, to 
bring the two objects together, the angle e 
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by them at the eye will be twice that. number of 
degrees and minutes; and is accordingly num- 
bered ſo on the arch of the ſextant; which is 
really e an arc of 60 degrees Ws: but een 
into 120 degrees. 5 
© The angle found in this manner between. two 
| objects that are near the obſerver, is not preciſe; 
and may be reckoned exact only when the objects 
are above half a mile off. For, to get the angle 
truly exact, the objects ſhould be viewed from che 
center of the index glaſs, and not where the ſight 
voane is placed; therefore, except the objects are ſo 
remote that the diſtance between the index glaſs 
and ſight vane vaniſhes, or is as nothing compared 
to it, the angle will not be quite exact. This in- 
accuracy in the angle between near objects is called 
the parallax of the inſtrument, and is the angle 
vhich the diſtance between the index glaſs and tight 
vane ſubtends at any near object. It is ſo ſmall, 
that a ſurveyor will ſeldom have occaſion to regard 
it; but if it ſhall happen that great accuracy is 
2 required, let him chuſe a diſtant object exaQtly 
in a line with each of the near ones, and take the 
angles between them, and that will be the true 
angle between the near objects. Or, obſerve the 
angle between near objects, when the ſextant has 
been firſt properly adjuſted by a diſtant ob jet; 
then adjuſt it by the left-hand object, dich will 
bring the index on the arch of exceſs beyond 
o degrees: add that exceſs to the angle found;be- 
tween, the objects, and the ſum will be the true 
"angle ben them. If one of the objects is near, 
and the other diſtant, and no remote object to be 
-found in a line with the near one, adjuſt the ſex- 
tant to the near object, and then take the angle be- 
Tween them. and the parallax vill be found. 


ee Exanple 
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Example. To meaſure the horizontal angle 
ABC, g. 19, plate q, with the ſextant. 

1. Set up ſuch marks at A and C, as may be 
ſeen when you are ſtanding at B. 2. Set o on 
the index to coincide with o on the quadrantal 
arch. 3. Hold the ſextant in an horizontal po- 
ſition, look through the ſight and horizon glaſs at 
the mark A, and obſerve whether the image is 
directly under the object; if not, move the index 


till they coincide. 4. If the index diviſion of the 


nonius is on the arch of exceſs, the indicated 
quantity is to be added to the obſerved angle; but 
it it be on the quadrantal arch, the quantity indi- 
cated is to be {ſubtracted : let us ſuppoſe 5 to be 
added. 5. Now direct the ſight through the 
tranſparent part of the horizon glaſs to A, keep 
that object in view, move the index till the object 
A is ſeen by reflexion in the filvered part of the 
horizon glaſs. 6. The objects being now both in 
view, move the index till they unite as one, or 
appear in one vertical line, and the index will ſhew 
the angle ſubtended at the eye by the two objects; 
ſuppoſe 75. 20. to which add 5 for the index error, 
and you obtain 75. 25. the angle required; if the 
angle be greater than 1200, which ſeldom happens 
in practice, it may be ſubdivided by marks, and 
then meaſured. e 
- No inſtrument can be more convenient or ex- 
peditious than the ſextant, for ſetting of offsets. 
Adjuſt the inſtrument, and ſet the index io go de- 
grees ; walk along the ſtation line with the octant 
m your hand, always directing the ſight to the 


farther ſtation ſtaff ; let the aſſiſtant walk along the 


boundary line; then if you wiſh to make an offset 
from a given point in the ſtation line, ſtop at that 
place, and wait tiil you fee your __ 

= _ exion, 
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flexion, he is then at the point in the boundary 

through which that offset paſſes; on the other 
hand, if you wiſh an offset from a given point or 
bend in the boundary, let the aſſiſtant ſtop at that 
place, and do you walk on in the ſtation line till 
you ſee the aſſiſtant by reflexion in the octant, and 
that will be the point where an offset from the 
propoſed point or bend will fall. 
The manner of uſing this inſtrument for the 
ſolution of thoſe aſtronomical problems that are 
neceſſary in ſurveying, will be ſhewn in it's proper | | 


To 8URvEy WITH THE CHAIN ONLY. 


The difficulties that occur in meaſuring with 
accuracy a ſtrait line, render this method of ſur- 
veying altogether inſufficient for meaſuring a piece 
of ground of any extent ; it would be not only ex- 
tremely tedious, * but liable to many errors that 
could not be detected ; indeed there arc very few 
_ fituations where it could be uſed without King's 
ſurveying quadrant, or ſome ſubſtitute for it. The 
method is indeed in itſelf ſo eſſentially defective, - 
that thoſe who have praifed it moſt, have been 
forced to call in ſome inſtrument, as the ſurveying 
croſs and optical ſquare, to their aid. Little more 
need be ſaid, as it is evident, as well from the 
nature of the ſubject, as from the practice of the 
moſt eminent ſurveyors, that the meaſuring of 
fields by the chain, can only be proper for level 
ground and ſmall incloſures ; and that even then, it 
is better to go round the field and meaſure the 
angles thereof, taking offsets from the ſtation lines 
do the fences. That this work may not be deemed 
imperfect, we ſhall introduce an example or two 
ſele&ted from ſome of the beſt writers on the ſub- . , 
T | ect; 


274 ESSAYS ON GEOMETRY, &c. 


ject; obſerving, however, bat fields that are plotted 
from meaſured lines, are always plotted neareſt to the 
iruth, when thoſe lines form at their junction, angles that 
approach nearly to a right angle. kn. 
Example 1. To ſurvey the triangular field ABC, 
fig. 22, plate 9, by the chain and croſs. Set up 
marks at the corners, then begin at one of them 
and meaſure from A to B, till you imagine that 
you are near the point D, where a perpendicular 
would fall from the angle C, then letting the chain 
lie in the line AB, fix the croſs at D, ſo as to ſee 
through one pair of the ſights the marks at A and 
B; then look through the other pair towards C, 
and if you ſee the mark there, the croſs is at it's 
right place; if not, you muſt move it backwards 
and forwards on the line A B, till you ſee the mark 


at C, and thus find the point D; place a mark at 


D, ſet down in your field book the diſtance AD, 
and complete the meaſure of AB, by meaſuring 
from D to B, 11. 41. Set down this meaſure, then 
return to D, and meaſure the perpendicular DC, 
6.43. Having obtained the baſe and perpendicular, 
the area is readily found: it is on this principle 
that irregular fields may be ſurveyed by the chain 
and crols ; the theodolet, or Hadley's ſextant, may 
even here be uſed to advantage for aſcertaining 
perpendicular lines. Some authors have given the 
method of raiſing perpendiculars by the chain 
only; the principle is good, but the practice is too 
operoſe, tedious, and even inaccurate to be uled 
in ſurveying ; for the method, fee geometry on 
the ground. 1 85 

Example 2. To meaſure the four ſided figures 
ABCD, Jg. 34, plate 9. 


4 


AE 
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AE 214 DE 210 
AF 362 BF 306 
AC 592. 


Meaſure either of the diagonals as A C, and the 
two perpendiculars DE, BF, as in the laſt problem, 
which gives you data for completing the figure. 

Example 3. To ſurvey the irregular field, fig. 
22, plate 13. 1 

Having ſet up marks or ſtation ſtaves wherever 

it may be neceſſary, walk over the ground, and 
conſider how it can be moſt conveniently divided 
into triangles and trapeziums, and then meaſure 
them by the laſt two problems. N 

It is beſt to ſubdivide the field into as few ſepa- 
rate triangles as poſſible, but rather into trape- 
ziums, by drawing diagonals from corner to corner, 
ſo that the perpendicular may fall within the 

figure; thus the figure is divided into two trape- 
ziums ABCG, GDEF, and the triangle GCD. 
Meaſure the diagonal A C, and the two perpen- 
diculars GM, BN, then the baſe GC, and the per- 
pendicular Dq ; laſtly, the diagonal DF, and the 
two perpendiculars, pE, OG, and you have ob- 
tained ſufficient for your purpoſe. ME 


Or SuRVEYING BY THE PLAIN TABLE. 


We have already given our opinion of this in- 
ſtrument, and ſhewn how far only it can be de- 
pended upon where accuracy is required; that 
there are many caſes where it may be uſed to ad- 
vantage, there is no doubt ; that it is an expeditious 
mode of ſurveying, is allowed by all. I ſhall, 
therefore, here lay down the general modes of 
ſurveying with it, leaving it to the practitioner to 
ſelect thoſe beſt adapted to his peculiar circum- 
ſtances, recommending him to uſe the modes laid 
f 2 down 
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down in example 3, in preference to others where 
they may be readily applied. He will alſo be a 
better judge than I can be, of the advantages of Mr, 
Break's method of uſing the plain table. 

To take by the plain table the plot of a 
piece of land AB CD E, fig. 36, plate q, at one 
ation near the middle, from whence all the 
corners may be ſeen, | | 

Let RTS V, fig. 37, plate g, repreſent the plain 
table covered with a ſheet of paper, on which the 
plan of the field, fg. 36, is to be drawn; go round 
the field and ſet up objects at all the corners 
thereof, then put up and level your plain table, 
turning it about till the ſouth point of the needle 

points to the fleur de lys, or 360 in the compaſs 

box; ſcrew the table faſt in that poſition, and then 
draw a line Pp parallel to one of the ſides for a 
meridian line. Now chuſe ſome point on the 
paper for your ſtation line, and make there a fine 
hole with a ſmall circle of black lead round it; 
this is to repreſent the ſtation point on the land, 
and to this the edge of the index 1s to be applied 

when directed to an object. 
Thus, apply the edge of the index to the point 
©, and dirett the fight to the object at A, when 
this is cut by the hair, draw a blank line along the 
chamfered edge of the index from © towards A, after 
this move the index round the point O as a center, 
till you have ſucceſſively obſerved through the 
ſights, the ſeveral marks at A, B, C, D, E; and 
u hen theſe marks coincide with the fights, draw 
blank or obſcure lines by the edge of the index to 
©. Now meaſure the diſtance from the ſtation 
point on the ground to each of the objects, and 
ſet off by your ſcale (which ſhould be as large as 
your paper will admit of) theſe meaſures on their 
6 reſpective 


* * 
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reſpective lines ; join the points AB, BC, CD, DE, 
EA, by lines for the boundaries of the field, 
which if the work be properly executed, will be 
truly repreſented on the paper. 5 

N. B. It is neceſſary, before the lines are 
meaſured, to find by a plumb line the place on the 
ground under the mark O on the paper, and to 

lace an arrow at that point. © Ay 

Example 2. Let fig. 33, plate 9, repreſent the 
piece of ground to be ſurveyed from one ſtation 
point, whence all the angles may be ſeen, but not 
ſo near the middle as in the foregoing inſtance ; 
go raund the field and fer up your objects at all 
the corners, then plant the table where they may 
all be conveniently ſeen; and if in any place a near 
objett and one more remote are ip the ſame line, that 
ſituation is to be preferred. Thus in the preſent 
caſe, as at O, g coincides with , and c with 5; the 
table is planted thereon, making the lengthway 
of the table correſpond to that of the field. Make 
your point-hole and circle to repreſent the place of 
the table on the land, and apply the edge of the 
index thereto, ſo as to ſee through the ſlit the mark 
at 4 cut by the hair; then with your pointrel draw 
a blank line from O towards a, do the fame by 
viewing through the fights the ſeveral marks c, 4. 
ef, g, keeping the edge of the index always cloſe 
to ©, and drawing blank lines from © towards 
cach of theſe marks. : 

Find by a plumb line the place on the ground 
under © on the paper, and from this point mea- 
ſure the diſtances firſt to g, and proceed on in the 
ſame line to h, writing down their lengths as you 
come to each, then go to a, and meaſure from it to 
©, then ſet off from your ſcale the reſpective diſ- 
tance of each on it's proper line; after this mea- 

2 « > {ure 
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ſure to c, and continue on the line to 5, and ſet off 
their diſtances; then meaſure from © to d, and 
from e to ©; and laſtly, from © to f, and ſet off 
their diſtances. Then draw lines in ink from each 
point thus found to the next for boundaries, and a 
line to croſs the whole for a meridian line. 

Fig. 33, may be ſuppoſed to be two fields, and 
the table to be planted in the N. E. angle of the 
lower field, where the other angles of both fields 
may be obſerved and meaſured to. 

Example 3. To ſurvey a field repreſented at fr. 
32, Plate g, by going round the ſame, either with- 
in 'or without, taking at the ſame time offsets to 
the boundaries. 

Set up marks at a, , c, d, at a ſmall diſtance 
from the hedges ; but at thoſe places which you 
intend to make your ſtation points. 

Then beginning at ©, plant your inſtrument 
there, and having adjuſted it, make a fine point 
© Ion that part of the paper, where it will be 
moſt probable to get the whole plan (if not too 
large) in one ſheet ; place the index to © 1, and 
direct the ſight to the mark at © 6, draw a blank 
line from © x to © 6, then direct the index to the 
tree near the middle of the field, and afterwards 
to the mark at © 2, then dig a hole in the ground 
under © 1 in the plan, and taking up the table, 
ſet up an object in it exactly upright, and meaſure 
from it towards © 2, and find that perpendicular 
againſt 218, the offset to the angle at the boun- 
dary is 157 links, which ſet off in the plan; 
then meaſuring on at 375 the offset 1s but 6, 
and continues the ſame to 698, at both which 


Tet off 6 in the plan; then meaſure on to © 2, 


and find the whole 1041 links, Which fer off in 


the blank line drawn for it, and mark it 0 | 
| tnen 
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then taking out the object, plant the table to' have 
'© 2 over the hole, when placed parallel to what it 
was at OI; that is, the edge of the index-ruler 
touching both ſtations, the hair muſt cut the ob- 
ject at © 1, and then ſcrew it faſt, . 

Now ſetting up objects in the by-angles a and 
#, firſt turn the index to view that at a, and draw 
a blank line from O 2 towards it; then do the 
ſame towards 4, © 3, and the tree, which laſt 
croſſing that drawn towards it from © 1, the in- 
terſection determines the place of the tree, which 
being remarkable, as ſeen from all the ſtations, 
mark it in the plan; then meaſure to a 412 links, 
and from 5 353, and ſer them off in the blank 
lines drawn towards them; then ſet off the diſ- 
tance to the boundaries in the two ſtation-lines 
produced, viz. 151 in the next produced back- 
wards, and 15 in the firſt produced forwards ; 
after this draw the boundaries from the angle 
where the firſt offset was made to the next, and 
ſo on round by a, , through the 151 to the next 
angle ; then taking up the table, fix again the 
object as before, and meaſure on to © 3, which 
ſet off 564 links, and the offset to the angle in the 
boundary 27, and then draw the boundary from 
it through the 15 to the angle at meeting that laſt 
drawn. = X 

Now taking out the object at © 3, plant the 
table ſo as to have © 3 over the hole, when 
placed parallel to what it was at the former ſta- 
tions, and ſcrewed faſt; then turn the index to 
make the edge touch the place of the tree and O 
3 in the plan, and finding the hair cuts the tree, 
turn the index to view © 4, and draw a blank line 
towards it ; then taking vp the table, fix the ob-. 
ject as before, and meaſure on to © 4, which ſet 


280 ESSAYS ON GEOMETRY, &c. 


off 471 links, and the offset 23, and draw the 
boundary from the laſt angle through it to the 
next; then meaſure on in the ſtation-line pro- 
duced to the next boundary 207 links, and the dif. 
rance of © 4, from the neareſt place in the ſame 
boundary 173, both which ſet off, and draw the 
boundary from this laſt through the 207 to the 
angle. Te, 

Now taking out the mark, plant- the table to 
have © 4 over the hole; when ſcrewed faſt in the 
ſame paralleliſm as at the other ſtarions ; then, 
after viewing again the tree, turn the index to 
view © 5, and draw a blank line towards it; then 
taking up the table, fix the object as hefore, and 
meaſuring on towards © 5, at 125 the neareſt 
place of the boundary 1s diſtant 121, which ſet 
off bearing forwards, as the figure ſhews ; at 388 
the perpendicular offset is 9, and at 712 it is 12, 
both which ſet off in your plan; then meaſure on 
to © 5, and ſet it off at 912 links. 

Take out the mark, plant the table to have © 
s over the hole, when ſcrewed faſt in the ſame 
paralleliſm as before; then ſet up objects in the 
by-angles c and d, and after viewing the tree, 
turn the index to view the objects at c, d, and O b, 
and draw a blank line towards each; then meaſure 
to c 159, and from d 245, both which ſet off in 
your plan, and alſo the diſtance to the boundary 
in the next ſtation-line produced backward 95 
and now make up the boundary round by the 
ſeveral offsets to the angles c and d; then taking 
up your table, fix the object as before, and 
meaſuring towards © 6, find at 162 the offset is 
32, which ſet off; meaſure on to © 6, and ſet it 
off at 708, and the offset from it to the boundary 
E 36 links, 


6 Finding 


2. 
% 
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Finding the blank line drawn from O 1 to in- 
terſe the point-hole here made for © 6, do not 
plant the table at © 6, but begin meaſuring from 
it towards © 1, and finding at right angles to 
the line at © 6, the offset to the angle is 42, ſer 
that off in your plan; then meaſuring to © 1x, 
582, which, meaſuring the ſame by the ſcale in 
the plan, proves the truth of the work; the off- 
ſet is-here alſo 42, which ſet off, and draw the 
boundary from 4 round by the ſeveral offsets 
through this laſt to the angle ; then meaſure on in 
the ſtarion- line produced to the next boundary 
$8 links, and ſet that off alſo, and draw the 
boundary from the angle at the firſt offset, taken 
through it to the angle at meeting the laſt boun- 
dary; and then if a meridian-line be drawn, as in 
the former, the rough plan is complete. 
But if O 6 had not met in the interſection, or 
it's diſtance from © 1 been too much, or too 
little, you would very likely have all your work, 
except the offsets, to meaſure and plot over 
again. ; WP TING 
The plain-table ſurveyors, ſays Mr. Gardner, 
when they find their work not to cloſe right, do 
often cloſe it wrong, not only to ſave time and 
labour, but the acknowledging an error to their 
aſſiſtants, which they are not ſure they can 
amend, becauſe in many caſes it is not in their 
power, and may be more often the fault of the 
inſtrument than the ſurveyor; for in uneven land, 

where the table cannot at all the ſtations be ſet 
horizontal, or in any other one plane, it is im- 
poſſible the work ſhould be true in all parts: but 
to prevent great errors, at every O aſter the ſe- 
cond view, wherever it is poſſible, the object at 
ſome former O, beſides that the table was laſt plant- 


ed 


0 
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ed at; becauſe if the edge of the-index-ruler do 
not quite touch, or but very little covers that G 
in the. plan, whilſt it touches the O you are at, 
the error may be amended before it is more in. 
creaſed, and if it varies much, it may be examin- 
ed by planting again the table at the former ſtation 
or ſtations. 

If a field is ſo hilly, that you cannot, without 
increaſing the number of ſtations, ſee more than 
one object backward, and another forward, and 
there 1s nothing fit within the field, as the ſup. 
poſed tree in fig. 32, then ſet up an object on pur- 
poſe to be viewed from all the ſtations, it potlible, 
for ſuch a rectifier. 

The lengthening and ſhortening of the paper, 
as the weather 1s moiſter or drier, often cauſes no 
ſmall error in plotting on the plain-table; for be- 
tween a dewy morning, and the ſun ihining hot 
at noon-day, there 1s great difference, and care 
 Jhould be taken to allow for it; but that cannot 
be done in large ſurveys, and fo ought not to be 
expectcd ; indeed thole working by the degrees, 
without having their plan on it, are not liable to 
this error, though they are to the former ; but 
both ways are liable to another error, which is, 
that the ſtation- lines drawn, or the degrees taken, 
are not in the line between the objects, nor pa- 
rallel thereto; neither will this error be ſmall in 
ſhort diſtances, and may be great, if each O on 
the plan, or the center uſed with the degrees, 
is not exactly over the ſtation-holes; but to be 

moſt exact, it is the line of their fights, that 
ſhould be directly over the hole. 

Mr. Beighton made ſuch improvements to 
His plain-tables, by a conical ferril fixed on 
the pay ſtaves as his theodolet, that the above 

errors, 


errors, except that of the moe are thereby re- 
medied; for the line of the 


always over the center of the table, which is as 


readily ſet perpendicular over the hole, as the cen- 
ter of the theodolet, and the ſtation- lines drawn 
parallel to thoſe meaſured on the land; and the 
table is ſet horizontal with a ſpirit-level by the 
ſame four ſcrews that adjuſt the theodolet; there- 
fore ſome chuſe to have both inſtruments, that 
they may uſe either, as they ſhall think moſt con- 
venient. N h 7 £8005 

Let fig. 32, now be a wood, to be meaſured 
and plotted on the outſide ; if on coming round 
to the firſt O, the lines meer as. they ought, the 

lan will be as truly made, as if done on the in- 
fide; but here having no rectifier of the work as 
you go on, you muſt truſt ro the cloſing of the 
laſt meaſured line ; and if that does not truly cloſe 
with the firſt, you muſt go over the work again, 


and without a better inſtrument than the common 


plain-tables, you cannot be ſure of not making an 
error in this caſe. | 

Suppoſe the table planted at © 1 on the out- 
fide, with paper fixt on it, and objects ſet up at 
all the other ſtations on the outſide, and' dry blank 
lines drawn from © 1 on the paper towards O 6 


and © 2; theſe done, take up the table, and ſet 
up an object at OI; then meaſuring from it to- 


wards © 2, you find at 20 the offset to the firſt 
angle is 38, then at 280 the offset to the next 
angle is 26 links, both of which ſer off in the 
plan; then at 394 the perpendicular offset to the 
next angle is 206; then at 698 the diſtance of the 
ſame angle is 366 bearing backward, as may be 
ſeen in the figure, that by the interſection of theſe 
two offset- lines the angle may be more truly Nuß 
2 | [ed 
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ted; then meaſure the diſtance from this angle to 


the next 323, and from that to 698 place in the 
ſtation-line 280, which is the perpendicular offset; 
then by the interſection of theſe, that angle will 
be well plotted ; then at 776 the offset to angle , 
is 48, and at 1012 the offset to 5 is 22, both 
which ſet off in the plan, and at 1306 you make 
© 2; now draw the boundaries from the firſt off. 
ſet to the next, Sc. to the angle 5. As there is no 
difficulty in taking the offsets from the other ſta- 
tion lines, we ſhall not proceed farther in plotting 
jt on the outſide; for a fight of the figure is 
ſufficient. . 5 | 
Some ſurveyors would plant their table at a 
place between 394 and 698 in the firſt ſtation. 
line, and take the two angles (which are here 
plotted by the interſection of lines) as the by. 
angles a and 4 were taken at © 2 within the 
field; but if the boundary ſhould not be a ſtrait 
line from one angle to the other, then their diſ- 
tance ſhould be meaſured, and offsets taken to the 
ſeveral bends in it, | 
| You plot an inacceſſible diſtance in the fame 
manner as the tree in fig. 32; for if you could 
come no nearer to it than the ſtatian-line, yet you 
might with a ſcale meaſure it's diſtance from Q 
1, or © 2, or any part of the line between them 
in the plan, the ſame as if you meaſured it with 
the chain on the land; obſerving to make the ſta- 
tions at ſuch a diſtance from one another, that the 
lines drawn towards the tree may interſect each 
other as near as poſſible to right angles, drawing a 
line from each to © 1 ;* writing down the deg 
thy 
In general the mark O always denotes a ſtation or place 


where the inſtrument is planted, The dotted lines ln 
rom 
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te north end of the needle points to, as it ſhould 
point to the ſame degree at each ſtation; remove 
the table; and ſet up a mark at O. | 
The imperfedtion in all the common methods 
of uſing the plain table are ſo various, ſo tedious, 
and liable to ſuch inaccuraties, that this inſtru- 
ment, ſo much eſteemed at one time, is now dif- 
regarded by all thoſe who aim at correctneſs in 
their work. Mr. Break has endeavoured to re- 
medy the evils to which this inſtrument is liable, 
by adopting another method of uſing it; a method 
which I think does him conſiderable honour, -and 
which I ſhall therefore extract from his complete 
ſyſtem of land-ſurveying, for the information of 
the practitioner. p | 
Example 1. To take the plot of a field ABC 
DEF, fg. 11, plate 13, from one ſtation therein, 

Chuſe a ſtation from whence you can ſee every 
corner of the field, and place a mark at each, 
numbering theſe with the figures, 1, 2, 3, 4, &c. 
at this ſtation erect your plain table covered with 
paper, and bring the ſouth: point of the needle to 
the fleur-de-lys in the box, then draw a cirele 

OPOR upon the paper, and as large as the paper 
will hold, | | 
Through the center of this circle draw the 
line N S parallel to that ſide of the table which is 
parallel to the meridian line in the box, and this 
will be the meridian of the plan. 

Move the chamfered edge of the index on © 
till you obſerve through the ſights the ſeveral 
marks A, B, C, and the edge thereof will cut the 
circle in the points, 1, 2, 3, &. Then having 

taken 


from one ſtation to another, are the ſtation lines; the black 
lines the boundaries ; the dotted lines from the boundary to 
ſtation line are offsets, 
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taken and protracted the ſeveral bearings, the 
diſtances muſt be meaſured as ſhewn before. 
To draw the plan through the center © and the 
points 1, 2, 3, &c. draw lines © A, OB, OC, 
OD, OE, O F, and make each of them equal 
to it's reſpective meaſure in the field ; join the 


points A, B, C, &c. and the plan is finiſhed, . 


Example 2.—To take the plot of a field ABCD, 
Sc. from ſeveral ſtations. Fig. 14, plate 13. 


Having choſen the neceſſary ſtations in the 
field, and drawn the circle O P © R (which you 
muſt ever obſerve to do in every cafe), ſet up your 
inſtrument at the firſt ſtation, and bring the 
needle to the meridian (which is called adjuſting 
the inſtrument); move the index on the center 
©, and take an obſervation at 4, B, C, © 2, H, 
and the fiducial edge thereof will interſect the 
circle in 1, 2, 3, &c. Then remove your inſtru- 
ment to the ſecond ſtation in the field, and ap- 
plying the edge of the index to the center (Sep 
the mark © 2 in the circle, take a back fig 
the firſt ſtation, and faſten the table in this poſi- 
tion; then move the index on the center O, and 
direct the ſights to the remaining angular marks, 
ſo will the fiducial edge thereof cut the circle in 
the points 4, 5, 6, &c. The ſeveral diſtances be- 


ing meaſured with a chain, the work in the field 
is finiſhed. 


The 
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The FIELD- BOOK r ra 


| No. Drsr. No. | Disr. 
1 5 | 0 on z 
15510 $3 
- 1,59 1* 197” 
3 |360 | 5 | 470 
G1} 740-16] $$ 
+ 5-4 386” | 7-4-3309 
1 ee er le 
To draw the Plan. 


Having choſen © x upon paper to repreſent the 
firſt ſtation in the field, lay the edge of a parallel 
ruler to © and the mark 1, and extend the other 
edge till it touch (or lay upon) O1, and cloſe 
by it's edge draw a line 112 520. Then lay the 
ruler as before to O and the mark 2, and extend- 
ing the other edge to © 1, draw thereby the line 

1 2=344, Which gives the corner B, as the line 
11 does the corner A. After the ſame manner 


project © 2, together with the corners CH. 


Again, apply the edge of the ruler to O and the 
point. 4, and extend the other edge till it touch O 
2, and draw the line 2 422370, which will give 
the point or corner D. Thus project the remain- 


ing corners E, J, G, and the pre is „ for 
cloſing. 


Example 3.—To take the plot f ſeveral fields ABC 


D BECEL DIHK, = IF GH, from flations 


choſen at or near the middle of each. Fig. 15, 
Plate 13. 


Ag your . at the firſt ſtation in 
4 BCD, 


. 9 f 
* b. 
* 2 hf . — S., =" F 


4 
"* 
5 
we 
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ABCD, and draw the protratting circle and me- 
ridian NS; then by prop. 1, project the angles or 


Corners of ABCD, BEFC, and alſo the 2d ſtation, 


into the points 1, 2, © 2, 3, 4, 5, 6. Again, erect 
your inſtrument at the 1ſt ſtation, and lay the in- 
dex on the center © and the mark ©2, and di- 
rect the ſights (by turning the table) to the 2d 
ſtation, then move the index till you obſerve the 
3d ſtation, and the edge thereof will cut the circle 
in O3. Then remove the inſtrument to the 3d 
ſtation, lay the index on the center © and the 
mark © 3, and take a back obſervation to the 
firſt lation; after which by the laſt prop. find the 
points 7, 8, O 4,9 in the circle OP R. As to 
the meafuring of diſtances both in this and the 
two ſucceeding prop. that ſhall be paſſed over in 
filence, having ſufficiently difplayed the fame 
heretofore ; what I intend to treat of hercafter, is 
the method of taking and protracting the bearings 
in the field, with the manner of deducing a plan 
therefrom. en 


To araw the Plan. 


Chuſe any point (© 1) for your firſt ſtation; 
apply the edge of a parallel ruler to the center © 
and the point 1, and having extended the other 
edge to © 1, draw the line 11—370, which will 
give the. corner A: In like manner find the other 
Corners B, C, D, together with © 2; which being 
Joined, finiſhes the field ABCD. After the fame 
method conſtruct the other fields BE FC, DIHA. 
JFG H, and you have done. 
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we FIELD-BOOK. 


IFO cloſes at 8 


"REMARKS. IN.. 
The open | 1 
| | 1 
| O2 
Sir Will. Jones's 4 
* 2 
John Simpſon's | 5 
i 6 
1 
BE FI cloſes at | 3 
| Return to | ©3 
17 
„ 
South | 8 
John Spencer's | 9g 
DH cloſesat | 4. 
Ed. Johnſtone's 6 
| South | 10 


"|REMARKS. 


DisT 
Or Fn BUD*-” + 
| 370 | Field. 
580 1 1 al | " fg 
403 DIHK. | 
440 | Ground: | 
O2 In BE FI. 
400 - Ground: 
460 | [FGH. 
| ©: In ABCD. 
600 5 
©; m DIHK: 
FOH. 
630 
432 | Field. 
400 Ground. 
O4 | In IFGH. 
— Ground. 
380 | Field. 
—.— 


Example 4.— To take the plot of a field ABCDEF, 
by going round the ſame: Fig. 12, plate 13. 
Set up your plain table at the firſt ſtation in the 


field; move the fiducial edge of the index on the 
| | Center 


U 
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center ©, and take an obſervation at the mark 
placed at the 2d ſtation, then will the ſame fidu- 


cial edge cut the circle OR in the point i. 


Then remove your inſtrument to the 2d ſtation, 
and placing the edge of the index on O and the 
point 1, take a back-ſight to the 1ſt (or laſt) ſta. 
tion ; then directing the index on the center © to 
the 3d (or next) ſtation, the edge thereof will 
croſs the circle in the point 2. In like manner the 
inſtrument being planted at every ſtation, a back- 


ſight taken to the laſt preceding one, and the in- 


dex directed forward to the next ſucceeding ſta. 
tion, will give the protracted points, 3, 4, 5, 6. 


The FIELD-BOOK. 


REMARKS.| C. | © .L. | O. REMARKS. 


— | Or-| TInAFCDEF. 
70 © | 
co | 250 
| 35 | 550 
! 1 | 
O2 | In Ditto. 
84 | 0 
Corner | 65 | 440 
©3 In Ditto. 
VV 
| 60 465 1 | 
1 O4 ö In Ditto. 
17 O 
| 58 | 365 
| 80 | 750 
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F CF-L FT BEE OT 


REMARKS, ©. | © L. | 0. [REMARKS. 
nm ene 
| 42 o | 
68:4 302 
60 | 680 5 | nay 
06 In Ditto: 
. N 
50 355 3 | 
67 | 663 te gi Cloſe Ditto. 


Jo araw the Plan. 


Chuſe any point © 1, to denote the firſt ſtation: 
lay the edge of a parallel ruler on the center © and 
the point 1, and extend the other edge till it touch 
© 1, and draw by the fide thereof the line 122 
550; then apply the ruler to © and the mark 2, 
and extend the other edge to © 2, and draw there- 
by the line 2 3=440; again, lay the edge of the 
ruler to © and the point 3, and the other edge 
being extended to © 3, draw the line 3 42465: 
after the ſame method lay down the remaining 

ſtations, and the traverſe is delineated. As for 


drawing the hedges, that ſhall be left for the 
learner's exerciſe, 


Example 5.—To take the plot of ſeveral fields A,B, 
C, D, by circulation. Fig. 16, plate 13. 


From the projecting point © (by laſt example) 
project the ſtations in A, into the points 1, 2, 3, 


4; then the inſtrument 2 . planted at the 2d 


ſtation, from the ſame projecting point O project 
that ſtation (the ad in A) into the point 22 (22 de- 
2 noting 


I OT 


FTI 
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noting the inſtrument being planted a ſecond time at 
that ſtation) which is done thus: lay the index to 
© and the point 2, and take a back-ſight to the 
firſt ſtation (that being the ſtation immediately 
preceding that you are at in the field-book) ; then 
on the center © take a forerobſervation at the 
next ſucceeding ſtation, and the index will cut 
the circle in the point 23. Thus project every 
other mani ſtation. 


The FLELD- BOOK. 
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Ne FIELD-BOOK. 


4 


« — — ne A — 0 
REMAR KS. O. O. REMA RRS. 
e e 


; | 


24 

In Ditto. 5 

1 1 1 fi 

I | 2 

Cloſe Dat Cor. B, hy 

| | | 0 in B. - 
The bearing being protracted, the plan may be tl 
readily drawn from what has been already de- 0 
ſcribed. I 
GENERAL METHODS. OF SURVEYING DETACHED : 

| Prtczs or GROUND. ˖ 


To ſurvey the triangular field, fig. 22, plate 9, 
with any inſtrument uſed for meaſuring angles. 
1. Set up marks at the three corners A, B, C. 
2. Meaſure the angle A CB, 3. Meaſure the two 
hde A C, CB EL Ee. 
This method of meaſuring two ſides and the 
included angle, is far: more accurate than the old 
method of going round the field and meaſuring - 
CY 
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the angles. It was firſt introduced into Prace 
tice by Mr. Talbot. 1 

If the field contain four ſides, Ng. 23. ate 9, | 
begin at one of the corners A. 1. Meaſure the 
angle BAD. 2. Meaſure the fide AB. 3. Take 
the angle ABC. 4. Meaſure the fide B C, and 
angle BCD. 5. Meaſure the fide C D, and the 

angle C DA, and fide- DA, the-dimenfions are 
fntthed ; add the four angles together, and if the 
ſum makes 3609; you may - conclude that your 
operations are correct ; the above figure may be 
meaſured by any other method as taught! before, 
by meaſuring the diagonal, &c. 

If the field contain more Wi four ſides, fig. 
24, 25, 26, plate 9, having ſet up your marks, 
endeavour to get an idea of the largeſt Wn ag 
figure, that can be formed in the field you a 
going to meaſure; this figure 18 repreſented in thi 
figures by the dotted lines. 

Then beginning at A, take the angle BAD, mea- 
ſure in a right line towards B, till you come againſt | 
the angle /, there with your ſexrant or croſs ler fall 
the perpendicular Fe, (as taught in the method 
of the triangle (obſerving at — many chains and 
links this offset or perpendicular falls from the be- 
ginning or point A, which note in your field-book, 
and meaſure e, noting it alſo in your field- book; 
then continue the meaſure of the line AB to B; 
take the angle AB C, and meaſure the line BC; 
take the angle BC D, and meaſure the line CD; | 
lake the — C DA, and meaſure the line DA; 
obſerving as you go round to let fall perpendiculars 
where neceſſary, and meaſure them as Iperiticd in 
the line AB. 

1 to figure 26, containiog ſeven ſides. 


1 FIELD. 
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N. B. Set the offsets to the right or left of: your 
pda. of angles and chains, according as they 
fall 10 the” nen ok e af. pour NP line _ 


| held EA 


180 x „ 5 , 


oo vir Tis comMoy cle ekz 


1 * ei 


We have U e chat this nee | 


. 


ſhould never bei uſed; where much accuracy is re- 
quired, for it is ſcarce poſſible to obtain with any 
certainty the meaſure of an angle nearer than to 


two d 


egrees, and often not ſo near; it has there- 


fore long been rejected by accurate ſurveyors.“ 


This inſt rument takes the bearing of objects from 


ſtation 


8 Wen Practical Surveying, p-. 54. 


= 


ſtation to ſtation, by moving the index till the line 


compaſs box marked N, and the point of the nee- 
dle in the circle of quadrants. 

Thus let it be required to ſurvey a large ow, 
fig. 31, plateg, by going round it, and obſerving 
the bearing of the feveral a es wn which en- 
compaſs that wood“ 

The ſtation marks being ſer bn; plant the cir- 


cumferenter at ſome convenient ſtation as at a, the 
flower de lys in the compaſs box being from you; 


direct the ſights to the next ſtation rod &, and ſer 


down the diviſion indicated by the north end of 
the needle, namely 260? 39) for the verring of the 


needle. | 
Remove the fation rod 5 to c, and place the 


circumferenter exactly over the hole where the 


rod þ was placed, meaſuring the ſtation lines, and 
the offsets from them to rhe boundaries ; now 
move the inſtrument, and place the center thereof 
exactly over the hole from whence the rod & was 
| taken. The flower de lys being from you, turn 
the inſtrument till the hair-in the fights coincides 
with the object at the ſtation c, then will the north 


end of the needle point to 292 12', the bearing of 


bc ; the inſtrument being planted at c, and the 
ſights directed to d, the bearing of cd, will be 
331? 45%. In the fame manner. proceed to take 


the bearing of other lines round the wood, obſer- 


ving carefully the following general rule: 


Keep the flower de lys from you, and take the | 


bearing of each line from ee . og the 
needle. 


Wild, Practical Surveyor, p. 77, 
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of the ſights coincides with the next ſtation mark; 
then counting the degrees between the point of the 


lunes 


1 
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lines. bearings. links. 
S 30 1242 


E n 
„ at 1050 
. 59. 00 1428 


F 
f a 151. 30. 1 806 


Inſtead of planting the circumferenter at every 
ſtation in the field, the, bearings of the ſeveral 


lines may be taken if it be Plantad only at every 


other ſtation. 

So if the inſtrument had been planted at 2, and 
the flower de lys in the box kept towards you 
- when you look back to the ſtation a, and from you 
when you look forwards to the ſtation c, the bear- 
wgs of the lines a4, and h c, would be the fame 


as before obſerved ; alſo the bearings of the lines 


ed, and d e, might be obſerved at d, and ef, and 
Fa, at /; fo that inſtead of planting the inſtrument 
6 times, you need in this caſe plant it but 3 e, 
which ſaves ſome labour. 

But ſince you muſt go along every ation line, 
to meaſure it or ſee it meaſured, the trouble of 


ſetting down the inſtrument is not very great, and 


en alſo you may examine the bearing of each 
line as you go along; and if you ſuſpect an error in 
the work by the needles being ated on by ſome 
hidden magnetic power, or from your own miſ- 
take, in obſerving the degrees that the needle 
points to, you may correct ſuch error at the next 
Ration before you proceed. | 
As when the inſtrument was olanced; at a, and 
the fights directed to 6, the flower de lys. from 
you, the north end of the needle pointed to 2600 
30˙ now being come O b, direct the ſights back to 
| | TY a mark 


ft? oe. i mer = 
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a mark at a, keeping the flower de lys towards 
you: ſo ſhall the north end of the needle point to 
260 307 as before at a, and then you may be ſure 
the bearing of the line g b, is truly obſerved, 
But if the needle doth not point to the ſame 
number of degrees, &c. there hath been ſome _ 
error in that obſervation which muſt be corrected, 


Or THE IMPROVED CracUMPERENTER, wits Ms, 
GALE's Mrhop or vsING IT; a MzTHonD 


THAT I$ APPLICABLE WITH EQUAL ADVANTAGE 
TO THE THEODOLET, &c, 


For the ſake of perſpicuity, it will be LS ag 
1 ive again the example before uſed in page 219, 
that not only becauſe it will exhibit more 
ge the 2e We Bon of Mr. Gale's method, & but 
becauſe we ſhall have occaſion to refer it to when w 
come to his improved method of plotting; 270 
further, Bk have thou ght this mode ſo advan. 
tageous, and the tables ſo {Ar . to accuracy 
and expedition, that I haye cauſed occaſionally the 
8 ing quadrant to be engraved in ſmaller figures 
under the uſual one of the limb of the theodolet. 
Set the circumferenter up at B, fig. 1, platen 8, 
— the courſe and bearing of BC, and meaſure the 
th thereof, and ſo proceed with the ſides C D, 
DE K.F.K F, G A, all the way round to che 
place of beginning, noting the ſeveral courſes or 
arings, and the lengths of the ſeveral ſides in a 
field-book, which let c us ſ| uppoſe to be as following: 8 


13 „ Chains. links. 
1. AB North 7 Weſt 21. O0. 
2. BC North 55 15 Eaſt 18. 20. 
3. CD South = 30 Eaſt 14. 40. 
4. DE Saua 49 Weſt $667:105 2415 

EF 
* Sce Page 227 of this work, for a fuller account of this 
., 
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r 5 N F 1 _ 
TC 5d * y 5 


Wy | OS: . chains. links, 
ks E ES. 415 Wal 15 | 
pfth 7 12. 40. 

7. 64 Such 5 hy 45 Welt 9. 17. 


. B. By north 5 watt, is meant ſeven done 
wb we weſtward (or left hand) of the north, as 
ſhewn by the needle; by north 35 1 5“ eaſt, fifty 
five degrees fifteen minutes to the eaſtward, or right 
hand of the north, as ſhewn by the needle. 

In like manner by ſouth 62 30 caſt, is meant 
ſixty-two degrees and thirty minutes to the caſt. 


* 


ward, or left hand of the ſouth; and by ſouth 


oo weſt, forty degrees to the veſtward, or right 
band of the ſouth. e 
The 21 chains, 18 chains 10 a5 &e. Ab the 
| lengths or diſtances of the reſpettive ſides, as 
meaſured by the chain. 

7 ſurvey a feld or Ira 97 Lond having rl 
Bawnlarics. | med, 5 

When the botichtdes of a forvey have: crooks 
and bends in them, it is by no means neceffary to 
take a new courſe for every ſmall bend; the beſt 
and moſt uſual way, is to proceed in a trait line 

from one principal corner to another, and when 

you are oppoſite to any bend in the boundary, to 
meaſure the rectangular diſtance, termed the offset 
from the ſtrait line to the bend, noting the ſame in 
the field- book, together with the diſtance on the 
ſtrait line, from whence ſuch offsets were made. 
The offsets, as already obſerved, are gencrally mca- 
fured with an offset taff. 

For the purpoſe of noting theſe offsets, it is 
neceſſary that the field book ſhould be ruled into 


FIVE COLUNNS. The middle column to contain 


the courſcs and diſtances ; the adjoining columns 
f 4 a 


es 
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on the right and left hand to contain the meaſure 
of the offsets, made to the right or left-hand reſ- 
pectively; and the ourfide columns on the Tight 
and left hand, to contain remarks made on the 
right and left hand, reſpectively, ſuch as the 
names of the adjoining fields, or the bearing of 
any remarkable object, &c. , 

Example. Let fig. 3, plate 18, repreſent a field 
to be ſurveyed, - whoſe boundaries are crooked. 

Set up the inſtrument at or near any conve- 
nient corner as at 1, and take the courſe and bear- 
ing as before directed, north 0 weſt, note this down 
in the middle column of tis field book, and mea- 
ſure with the chain as before, direkied, till you 
come oppoſite to the farit, bend, ſo chat the bend 
be at right angles to the ſtation line; note 58 5 
diſtance * meaſured, 3 chains, 60 links, int 
middle column, and mealure the offset from thence 
to the bend 40 links, nc ting the ſame in the ad- 
joining left hand column, {becauſe the bound- 
ary is on the left hand of the ſtation line) and 
note in the outſide column, the name or owner of 
the adjoining field, proceeding 1 in the ſame man- 
ner a all round/the; field, noting, the courles, diſ- 
tances, inen nee, as in the following. 
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FIELD-BOOK. 


11 Tow: | Station Of 
| a Nt ſets lines. ſets. 
| It. At the corner, 
againſt Wm. Hum-| 
phreys, and H. Der- 


| — land. 1 


Remarks 


— — 


„ 


o O 989 | 

H. Derman's land o 40] 3 60 0 
r 

ſo 65] 15 60 

A corner „ 


8888 ö - A 


3 


W. Huggin's land 


bs the bound- 
A corner ſo © = ary ofthe field, 


| D. Horne's lad 


A corner ary ofthe field. 


C. Ward's land 


To a corner 0 


To the above b O 68 O 66 þ p 
C. Ward's land I 25 7 £0 | 
A corner O Q ,14 O 


To the 1 | 


; 
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FIELD- BOOK 
D marks. 

: Remarks: | l | I 2 bt Re 8. 


us. * 118 


W. Humphreyland 


f 
P 
. 
| 


i 
$1 


W. Humphrey's land 
| 04.4 

18 60 fro the bound- 

o Oſary of che field. 


To the place of beginning. 


* 


To ſurvey a traci of land, conſt {eng of any number 

of fields lying together. 

1. Take the outſide boundaries of the whole 
tract as before directed, noting in your field- book 
where the particular fields interfect the outſide 
boundaries; and then take the internal boundaries 
of the ſeveral fields from the Place where they ſo | 
but on the outſide bounds. 

Let fig. 4, Plate 18, repreſent a tract of land to 
be ſurveyed, conſiſting of three fields. 

Firſt begin at any convenient corner as at A, 
and — taking the courſes, diſtances, offsets, 
and remarks, as in the following field-book. 
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FIELD- BOOK. 


4 


* Remarks 7 


TO: | 


: Sion”) 


wes. lines. I ſets. 


itt. At à corner 

| againſt | Winterton' 
farm, and H. ne 

E Nb 
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; M 


| 1 of 


Hunterdon farm. 


Wel 


r The above corner. 


* N © » 
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FIELD-BO OK. A ab 
——— 0] Tow oF yea ara 


8th. At the corner 
of eaſt and weſt field. 
viz, [he firſt offset on 
9 


Eaſt feld. 


Weſt field. 


North field. 


Weſt field. 


Corner of weſt 
and north fieldsſo 0 
againſt Hunten-ſo 70 
don farm. 2 


An eſtate, manor, or lordſhip, is in reality a4 
tract of land, conſiſting of a number of fields; it 
differs in no reſpect from the laſt article, (excep- 
ting in the number of fields it may contain, and 
the roads, lanes, or waters that may run through 
it,) and is of courſe ſurveyed in the ſame manner. 

It is beſt in the firſt place to take the whole of 
the outſide boundaries, noting as above directed 
the ſeveral offsets, the ſeveral places where the 
boundaries are interſected by roads, lanes, or wa- 
ters, the places where the boundaries of the reſ- 
pektive fields butt on the outſide bounds, and 
where the gates lead into the reſpective fields, and 
whatever other objects, as windmills, houſes, &c. 
that may happen to be worthy of being taken no- 
tice of. If, however, * ſnould be a large _— 

| | a 


— — ———— ͤ ᷣH— ——— —k— - — — 


ding it into to parts, and no 
boundary, then it will be beſt to ſuxvey that part 


ther6f if the rein be o 
both it's banks (forming boundaries to ſeveral 
fields) ſhould be ſurveyed, and it's breadth, 
where it enters and where it dn eſtate, be 
determined by trigonometry. 


any ſuch there be) that go through 
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of water running through the clate, thereby divi- 


ridge near the 


which Hes on one fide of the ſtream firſt, and af. 
terwards that part Which hes. on the other fide 
an irregular breadth, 


In the next place, take the lanes be rpads (if 

e eſtate, 
noting in the ſame manner as before, where the 
diviſions between the "ſeveral fields butt on thoſe 
lanes or roads, and where the 'gates enter into 
thoſe fields, and What other objects there may be 


worth noticing. Where a lane ri runs thrpugh an 
eſtate, it is beſt to ſurvey in the lane, becauſe in 


ſo doing, you can take the offsets and femarks 
both on the right hand and the left, and thereby 
carry on the boundaries on each ſide at once. Ifa 
large ſtream run through and ſeparate the ate, 
it ſhould be ſurveyed as above mentioned; but 


ſmall brooks running through a meadow, require 


only a few offsets to be taken from the neareſt 
ſtation line, to the principal bern, or turning in 
the brook. 

In the laſt place, take the br diviſions or 
boundaries between the ſeveral fields, beginning 


at any convenient place, before noted in the field- 


book, where the internal diviſions butt on the out- 


ſide of the grounds, or on the lanes, & e. noting 


always every remarkable objet in the field-book. 


Example. Let fig. 5, plate 18, repreſent an eſtate 


to be ſurveyed; begin at any convenient place as 


the 


at A, where the two ! meet, proceed (noting 


* 4 " "= 3h * 
8 "it. ws z aa. ks. aaa io. i 5. .cz <a a %* 


A 


„ mh ny pin pd — 
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the courſes, diſtances; - &c. as before directed) 
trom A to B. from B. to. C, and ſo on to D, E, F, 
G, H, I, K, L, M, and A, quite round the eſtate. 
Then proceed along che lane from A to N, O 

and I, ſetting the courſes, diſtances, offsets, and 
remarks, as before 
This done, proceed to the 1mm Sivificns! 
beginning. at any convenient place as O, and 
proceed (always taking your notes as before directed) 
from O to P, Q and R, ſo will you have (with the 
notes previouſſy taken) the dimenſions of the 
north field; go back to 4 and proceed from 
to, , and you obtain the dimenſions of the copſe: 
Take ES * S P, and you will have the dimen- 
ſions of the home field; go back to S, and take 
ST, and you will have the dimenſions of the land, 
applied to domeſtic purpoſes of buildings, yards, 
gardens, and orchards, the particulars and ſeparate 
diviſions of which being ſmall, had better be taken laſt 
of all; go down to N, and take N D, (noting the 
offeets as well to the brogk, as to the fences) 
uhich divide the meadow from the ſouth and weſt 
fields, ſo will you have the dimenſions of the long 
meadow, together with the minutes for laying down 
the brook therein; go back to U, and take U B, 
and you obtain the dimenſions of the weſt field, and 
A de ſouth field; go back again to N, and take 
NW, (noting the offsets as well ro the brook, as to 
the fence which divides the meadow from thecaſt 
field,) thus will you have the dimenſions of the eaſt 
field, and the minutes for laying down the brooks 
in the meadow; then go to F, and take L X, 
yhich gives you the dimenſions of the eaſt meadow, 
and of the great field; and laſtly, take the internal 
diviſions of the land, appropriated to the domeſtic 

purpoſes 9 buildings, 1 orchards, gardens, &c _ 
2 — 
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The method of taking the field notes, is ſo in- 
tirely fimilar to the examples already en that 
i wen would be altogether 9 > 
To the ſurveyor there can need no apology for 
ene in this place, the method uſed by Mr. 

Milne, one of the moſt able and expert ſurveyors 
of the preſent day: and I think he will conſider him- 
ſelf obliged to Mr. Milne, for communicating with 
ſo much liberality, his deviations from the common 
practice, as thoſe ho have hitherto made any im- 
provements in the practical part of ſurveying, have 
kept them as profound ſecrets, to the detriment of 
ſcience, and ithe,,young practitioner. As every 
man can deſcribe his on ͤ methods, in the cleareſt 
and moſt intelligible annere baus ſt, M r. Milne's 
in n his own JRDBLAgRe): S151 

© "Mx. Mrtve's Wiktrob or debe 
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The method I take to keep my field. notes in 
ſurvey ing land, differing materially from thoſe yet 
publiſhed; if upon examination you ſhall think it 
may be uſeful or worthy of adoption, ya, if 
you pleaſe, give it a a place in qour treatiſe on Kur- 
vVoyingo d o 03 Aim 248m LH Nut, 
What I, as well as all ſurveyors aim at, in going 
about a ſurvey, is accuracy and diſpatch : the firſt 
is only to be acquired by cart and good inſtru- 
ments, the latter by diligence and long practice. 
From twenty gears experience, in abe courſe of 
which I have tried various methods, the folowing 
is what I at laſt; adopted, as the moſt eligible for 
 Cartiyingon an extenſiye ſurvey, either in England. 
Sco +] Qr.any other cleared country oa!!! of 2401! 
-1>Haxing:taken a curſory view of the ground that 
Pram ofirſteto l proceed upon, and obierved the 
nd and cleareſt 3 which iI can mea- 


520109 ſure 
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ſure a circuit of three or four miles begin at a 
point convenient for placing che theodpler upon, 
and making -a ſmall hole in the ground as at A, 
plale 20, one afſiflſh} leading the chain, the other 
having a ſpade for making marks in the ground: 
Imeaſure in a direct line from the hole ar A to B, 
noting down as 1 go along on the field-ſkerchithe 
ſeveral diſtances from place to place; and ſketehir 
in the figure of the road, as 75 links to the e 
ſide of the avenue, 400 inks; touching the ſoum 
fide of the road, with an offdet of 40 links to the 
other ſide, 500 links to the corner of a' wood, and 
817 to the corner of 'another wood: which laſt; 
not allowing me to carry the-line' farther, I make 
a mark at B, where I mean to plant the inſtrument, 
and beginning a new line, meaſure along the fide of 
the road 885, links. to GC. here I make a mark in 
the ground, writing the —— in my field-ſketch, 
taking care always to ſtop at a place from Which 
the laſt ſtation can be ſeen, when à pole is placed 
at it. Beginning a new line, A 
direct line towards D, I have 345 links to a line of 
trees, 390 links oppoſite a corner of paled in- 
cloſures where 1 make 2 mark to have recourſe to, 
and 89 links do the end of the line, where L make 
lar! Fn the ground at D, from thence: meaſuring 
in a direct line to E, I here have 600 links of ſteep 
ground thereſore make a mark in the ground at 
the bottom of the ſteepneſs, ſo that when I come 
to take che angles N the theodolet, I may take 
the depreſſion thereof; continuing out the line, I 
havd Ogo links to a bridge, with an offset of 20 
links io the bridge, and 80 links to the paling ; at 
124% there is a line of trees on the leſt, and here 
alſo the line comes to the north ſide of the road. 
and 1388 links to the end of the line at E, and ſo 
X 2 proceed 
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procked in like manner round the circuit to'F;G,' 
H, I, K, L, M, N, and from thence to A whirl 


began. The holes or murks made in the ground, 


are repreſented by round dots on the fieldſkerch; 


ſteepneſs of ground is exprefſed on the ſketch by 
faint ſtrokes of the pen, as at D, F, &c. Figures 


ending a ſtation line, are written larger than the in- 
termediate ones; ; offsets are written down oppoſite 


the places they were'taken at, and are marked 


either to the right, or left of the line on the field- 
ſketch, juſt as they happen to be on the ground, 
If the field-ſketch here given was enlarged, ſo as to 
fill a ſheet of paper, there would then be room for 
inſerting the figures of all the offsets, which the 
ſmallneſs of this does not admit of. 

In meaſuring theſe circuits or ſtation lines, too 
much care cannot be taken by the ſurveyor to 
meaſure exact ; I therefore, in doing them, always 
chuſe Ag hold the hindermoſt end of the chain 

myſel | 


The next thing to be done is to take the angles 


as bearings of the above deſcribed circuit, and alfo 


the altitude or depreſſion of the different decliviries 
that have been meaſured up or down. 


Having previouſly prepared a ſheet of dutch 
paper with meridian lines drawn upon it, as in 


Nate 21, alſo a horn protractor, with a ſcale of 
chains upon the edge thereof, and a ſmall ruler 
about a foot in length; and having two aſſiſtants 
provided with a pole each, to which are attached 
plumb lines for Keeping them perpendicular, and 


a third aſſiſtant for carrying the theodolet ; I pro- 


ceed to plant the inſtrument where 1 began to 
meaſure, or at any other angular point in the cir- 
cKuit; if the wind blows high I chuſe a point to 
begin at, that is ſheltered from 1 it, ſo that the nee- 
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die may ſettle ſteady at the: ma * an which 
is indiſpenſably neceſſary at firſſ ſerting off, at the 
ſame time taking care that no iron in DAP enough 
the | lace to attract the needle. Gi ie 
he beſt theodolet for this ae is, the large 9 
one, (ſee fig. 2, plate 16, the manner of uling of 
which I ſhall _ deſcribbe. 1 


11 


The ſpirit level C, having been e ad- 
juſted to the teleſcope A, nal the two e 
pointing to the ſame object, 1 begin by leyellin 
the inſtrument, (by means of the four ſcrews, N 
playing between the two parallel plates N,) firſt in 
a line with the magnetic north, and then at right 
angles thereto; this accompliſhed, J turn the 
moveable index by means of the ſcrew G, till i . 
coincides with 180? and.3609, and with the magnetic 
north nearly, ſcrewing it faſt. by means of the nut 
H, and alſo the head of the inſtrument. by means of 
the nut L; I make the north point in the compaſs. 
box coincide with the necdle very exactly, by 
turning the ſcrew K; both teleſcopes being then 
in the magnetic meridian, 1, look through the 

lower one I, and DIE: what, diſtant eck it 
oints to. eg! 1 

Then unſcrewing the moveable index by the 
aforeſaid nut H, (the firſt alſiſtant having been 
previouſly ſent to the ſtation point marke N.) 1 
turn about the teleſcope A or moveable index by 
means of the nut G, till it takes, up the pole now 
placed at N, raiſing; or depreſſing the teleſcope. by 
means of the nut E, till che crols hairs or wires 
cut the pole near the ground, This done, I look 
through the lower teleſcope to ſee that it points to 
the — object it did at firſt; if ſo, the bearing ar 
angle is truly taken, and reading it upon the imb 
of the inſtrument F, find it to be 40 55” S. W. 


I then take my ſheer of -paper, and placing the 
X 4 horn 
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horn protractor upon the point A, plate 21, along 
the meridian line; paſſing through"it> I prick off 


there angle And“ vide ehe Frſtaruber Arau z 


faint line with the pen, and hy the ſcale ſer off 
the length of ' thedline,> wick I find co be (by my 
firft{kerch, plate 205 7690 links; avd writing both 
bearing and diſtance down, as in plate 21, and 
again reading off the angle to compare it with 
What I have wrote down, I then make a ſignal to 
the firſt aſſiſtant to come forward with his pole; in 
the mean time I turn the moveable index about, 
till the hair or wire cut the pole which the ſecond 
aſſiſtant holds up at B, and looking through che 

lower teleſcope to ſee that it points on the ſame 
object as at firſt, I read the angle upon the limb 
of the theodolet, 48955“ S. E. and plotting it off 
upon the ſketch with the horn protractor, draw a 
ſtrait line, and priek off by the ſeale the length to 


B 817 links; writing the ſame down on the field- 


ſketch, and again reading the angle tö ſee that] 
Have wrote it down right, I ſcrew faſt the move- 
able index to the limb, by means of the ſcrew H, 

and making a ſignal to ſecond aſſiſtant to proceed 
with his pole and plant it at 3d ſtation C, while 1 
with the theodolet proceed to B, leaving firſt aſſiſ- 
tant with his pole where the inſtrument ſtood at A, 
Planting the inſtrument by means of a plumb 
line over the hole, which the pole made in the 
ground at the 2d ſtation, and holding the move- 
able index at 48 95“ as before, and the limb 
levelled, I turn the limb rilb the vertical wire in 
the teleſeope cuts the pole at A nearly, and there 
ſcrew it faſt. I then make the vertical wire cut 
the pole very nicely by means of the ſcreu K; then 
looking through the lower teleſcope to ſee and re- 
mark what diſtant object it points on; I looſen the 
index-ſcrew, and turn the moveable index till the 
. . vertical 
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Fg 


the index: reading the degrees and, minutes. which 
the index no paints; to on the limb, I plot it in 
my field-ſketch. as before, the bearing or angle 
being 48 30, and the length 885 links,. Sending 
the theodolet to next ſtation C, the ſame operation 
is repeated: coming to. D, beſides taking the 
bearing of the line DE, Ltake the depreſſion from 
D, to the foot of the declivity boo links below it, 
which I perform thus: Having the inſtrument 
and the double quadrant. level, Itry what part of 
the body of the aſſiſtant I have with me for car- 
ryinge the inſtrument, the teleſcope, thereof 
touches, and then ſend him to ſtand at the mark 


at the bottom of the declivity, and N 
Oo $> | 18 


groſs wires: of: the teleſcope cut the part 
body, equal the height of the inſtrument, I find 
the depteſſion pointed out upon the quadrant to be 
2 of: a link upon cach chain, which upon fix 
chains is four links to be ſubtracted from 1388 
Nee meaſured length of the line, leaving 
1384 links for the horizontal length, which I 


mark down in my fie ld- Keton, ö Plate 2, in the 


manner there written: Alſo from the high ground 

at D, ſeeing. the temple O, I take a bearing to it, 
and plotting off the ſame in m field-ſketch, draw 
2 ſtraight line; the ſame temple being ſeen. from 
ſtation L, and ſtation M, I take bearings to it, 
from each, and from the extenſion of theſe three 
bearings interſecting each other in the point O, is 
2 proof that the lines have been truly meaſured, 
and the angles right taken. N 


Again from ſtation E to ſtation F, the ground 


riſes conſiderably; therefore, beſides the bearing, 
| take the altitude in the ſame ce the 


* reſſion 3 


nearly, and making che limb faſt, I mabè it do ſo 
very nicely; by-apeans of dliefſere Ks and then fix 


* - 
. | - 
= = . = = 
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depreſſion; ; and do the ſame with every con- 
ſiderable riſe, or fall, round the circuit. 


Coming to ſtation N, and having the move- the 
able index at 61 15 N. W, taking up the pole be 
at M, and making faſt the limb, I looſen the in- It 
dex ſcrew, and turn it till 1 take up the pole at tab 
firſt ſtation A. This bearing ought to be 400 55; ſul 
N. E. being the fame number of degrees and the 
minutes it bore from A ſouth-weſt, and if it turn pr 
out ſo, or within a minute or two, we call it a ch 
good cloſure of the circuit, and is à proof that the ſe 
angles have been accurately taken. al 

But if a greater error appears, I' rectify the fil 
moveable index to 40*® $5 and taking up the 0 
pole at A, make faſt the limb, and take the bear- is 
ing t M, and ſo return back upon the circuit * 

in, till I find out the error. But an error u 
will ſeldom or never happen with ſuch an inſtru- fi 
ment as here deſcribed, if attention is paid to the 0 

lower teleſcope; and beſides the needle will ſettle A 
at the ſame degree (minutes by it cannot be 
counted) in the box, as the moveable index will 
point out on the limb, provided it is acalm day, and 
no extraneous matter to attract it. If it does not, 
I then ſuſpect ſome error has been committed, and 


return to The laſt ſtation to prove it, before 1 g9 
farther. 

With regard to plorting off the vids with the 
horn protractor in the field, much accuracy is 
not neceflary ; the ule of it being only to keep the 

| ield-ſketch regular, and to preſerve the figure of 
the ground nearly 1n it's juſt proportion. 

Coming home, I transfer from the firſt field- 
ſketch, plate 20, all the intermediate diftances, 
oitsets, and on into the ſecond, plate 21, 
nearly to their just proportions; and then J am 


ready 


47 ” — 
4 * _ I ' 
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_- IF 
ready to proceed upon ſurveying the interior parts 
of the circuit. For doing this, the little light 


theodolet repreſented at fig. 4, plate. 15, will 5 


be ſufficiently accurate for common ſu 


It is unneceſſary for me to deſcribe farther the 
taking the angles, and menſurations of the interior 


ſubdiviſions of the circuit, but in doing of which, 
the young ſurveyor had beſt make uſe of the horn 
protractor and ſcale, becauſe if he miſtakes 2 


chain, or takes an angle wrong, he will be ſoon _ 


ſenſible thereof by the lines not cloſing as he goes 
along ; the old, or experienced, will be able to 
fill in the work ſufficiently clear and diſtinct with- 
out them. The field ſketch will then be ſuch as 
is given in plate 22, which indeed appears rather 
confuſed, owing to the ſmallneſs of the ſcale made 
uſe of, to bring it within compaſs ; but if this 

was enlarged four times, ſo as to fill a ſheet 


paper, there would then be room for entering 


al the figures and lines very diſtinctly, 

Having finiſhed this firſt circuit, before I be- 
gin to meaſure another, I examine the chain I 
have been uſing, by another that has not been in 
uſe, and find that it has lengthened more or leſs, 
as the ground it has gone through was rugged, or 
ſmooth, or as the wire of which it is made, is 
thick, or ſmall; the thick or great wire drawing 
or lengthening more than the ſmall. 

| The careful ſurveyor, if he has more than two 
or three days chain work to do, will take care to 
have a ſpare chain, ſo that he may every now and 
then correct the one, by the other. The offset 
n is r man gh for this purpaſe, being too 
| ſhort, 


Since the writing of this work, a ſmall theodoler has 


en contrived uſeful for the foregoing, and many other pur- 
poles; it is very portable, and is furniſhed with a teleſcope. 
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ſhort. For field ſurveying, when no uncommon ac, 
curacy is required, cutting a bit off any link on 
one fide, 50 links, and as much on the other ſide, 
nſwers the purpoſe better than taking away the 
Tings. A nr MOAT: 

The above method is what I reckon the beſt 
for taking ſurveys to the extent of 100,000 acres; 
beyond this, an errot from ſmall beginnings in the 
menſuration becomes very ſenſible, notwithſtand. 
ing the utmoſt care; therefore ſurveying larger 
traQts of country, as counties or kingdoms, requires a 
different proceſs. Surveys of this kind are made 
from a judicious ſeries of triangles, proceeding 
from a baſe line, in length not leſs than three 
miles, meaſured upon a horizontal plane with the 
greateſt poſſible accuracy. 10 1117110 59 59) 
| 5 | 
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ap porta We mean 16 enki a draught 
of the land from the field notes. As the inſtru- 


ments neceſſary to be uſed by the ſurveyor in 


taking the dimenſions of land, are ſuch where 
with he may meaſure the length of a ſide, and 
the quantity of an angle in the field; ſo the in- 
ſtruments commonly uſed in making a plot or 
draught thereof, are ſuch wherewith he may lay 
down the length of a ſide, and the quantity of an 


angle on paper. They therefore conſiſt in ſcales 
of equal parts for laying down the lengths or diſ- 


tances, and protractors for laying down the angles. 


Scales of equal parts are of different lengths and 
differently divided; the ſcales commonly uſed by 


ſurveyors, are called feather- edge ſcales; 10 are 
made of braſs, ivory, or box; in length about 10 
or 12 inches, but may be made longer or ſhorter 
at pleaſure, Each ſcale is decimally divided, (the 
whole length,) cloſe by-t -edges, which are made 
ſloping in order to lays cloſe to the paper, and 


numbered, o, 1, 2, 3, 4. Kc. which are. called 
chains, and every one of the intermediate divifions 


is 10 links, the numbers are ſo placed as to reck- 
on backwards and forwards; the commencement 


of the ſcale is about 2 or 3 of the larger diviſions 


from the fore end of the ſcale; theſe are numbered 


backwards 


- _ * 
J . ²⁰˙¹ .... ⅛n:: ].. | 
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backwards from o towards the left hand with the 
numbers or figures, 1, 2, 3, &c. theſe ſcales are 
oſten ſold in ſets. | F 
1 Ihe application and uſe of this ſcale is eaſy and 
| _ expeditious, for tg lay down any number of chains, 
from a given point in a given line; place the edge 
of the ſcale in ſuch a manner that the © of the 
= ſcale-may coincide with the given point; and the 
edge of the ſcale with the given line; then with 
the protracting pin, point off from the ſcale the 
given diſtance in chains, or chains and links. 
Fig. FG, plate 2, repreſents a new ſcale or 
rather ſcales of equal parts, as ſeveral may be laid 
down on the ſame inſtrument ; each ſcale is di- 
vided to every 10 links or tenths of a chain, which 
are again ſubdivided by their reſpective nonius di- 
viſions into fingle links; the protracting pin is 
moved with the nonius by means of the ſcrew 4, 
ſo that the diſtances may be ſet off with ſuch 
great accuracy, as not to err a ſingle link in ſetting 
off any extent, which in the ſcale of four chains in 
an inch, does not amount to more than the 400th 
art of an inch. F 
Fig. IK L, plate 2, anſwers the ſame purpoſe as 
the foregoing inſtrument, and may be uſed as a 
protractor alſo. 4 | 
For Mr. Gale's method of plotting, a method 
which will recommend itſelf to every attentive 
ſurveyor, two ſcales ſhould be uſed, one of about 
15 inches long, the other about 10 inches, each 
iv divided on the edge from one end to the other; a 
Hu claſp ſhould be fixed on the ſhorter ſcale whereby 
3 it may at pleaſure be ſo fixed to the other ſcale, 
as to move along the edge thereof at right angles, 
| for the purpoſe of laying off perpendicular lines. 
Fig. F GH, plate 2, repreſents an Os 
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for this purpoſe, with different ſcales on the paxt 
FG; both this and that repreſented at fig, LK L. 
form excellent parallel rules. They are alſo made 
only with the claſp, if deſired. | | io 


- 


The protractor is a circle or ſemicircle of thin, 


braſs, divided into degrees, and parts of a_degree,; 
on the outer edge. | | 
The common ſemicircular protractor, fig. 1, 
plate 3, is of 6 or 8 inches diameter, the limb 
divided into 180 degrees, and numbered. both 
ways, 10, 20, 30, &c. to 180; each degree is ſub- 
divided into two parts. In the middle of the, 
diameter is a ſmall mark, to indicate the center of 
the protractor; this mark muſt be always placed 
eee 35 ok 
The common circular protractor is more uſeful, 


than the ſemicircular one; the outſide edge is di- 


vided into 360 degrees, and numbered, 10, 20, 

30, to 360; each degree is ſubdivided, into halves. 
In the middle of the diameter is a ſmall mark, 
which is to be placed on the angular point, when 
an angle is to be protracted; the diameter (re- 
preſenting a meridian) muſt, be placed on the me- 
ridian of any plan, where the bearing of any abiet 
is to be laid down; the application of this in- 
ſtrument is ſo eaſy and ſimple, that it is unneceſa 
lary to fill up paper with examples of it's uſe. 


. a. 13 


* Fats 
29 


Fg. 7, plate 11, and 4 and $, plate 17, repreſent 
the three beſt circular protractors ; the. principle. | 


is the ſame in all; the difference conſiſts in ſupe- 
riority of execution, and the conveniencies. that 
ariſe from the conſtruction, Fig. 4, Plate, 17, is 


* 


3608, each degrees is divided into 2 parts, Which 
are. again ſubeſi 


nius, which mo ves round. the limb, of the roher 
8 . | ; 


a round protractor, the limb accurately, divided to, 
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vided to every, minute, by the np-, 
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tor, on a conical center; that part of the index 
beyond the limb has a ſteel point fixed at the end, 
whoſe uſe is to prick off the angles; it is in a direct 
line with the center of the protractor, and the in- 
dex diviſion of the nonius, all which is evident 
from the figure. 


Or PLOTTING OR MAKING A DRAUGHT OF THE 
LAND FROM THE FIEID NoTEs. 


The common method of plotting is this : take 
a ſheet of paper of convenient ſize, draw a line 
thereon, to repreſent the magnetic meridian, and 
aſſign any convenient point therein to repreſent 
the place where the ſurvey was begun ; lay the 
edge of the protractor on this meridian line, and 
(bringing the center thereof to the point ſo aſſign- 
ed to repreſent the place of beginning) mark off 
the degrees and minutes of the firſt courſe or bear- 
ing by the limb of the protractor, and draw a line 
from the place of beginning through the point fo 
marked, 10 off it's proper length or diſtance 
by the ſcale of equal parts; this line will repreſent 
the firſt line of the ſurvey. Through the point or 
termination of the ſaid firſt line of the ſurvey, 
draw another line repreſenting the magnetic meri- 
dian parallel to the former; and lay off the courſe 
or bearing of the ſecond line of the ſurvey by the 
protractor, and it's length by the ſcale of equal 
arts as before, and fo proceed till the whole be 
| Eid down ; and you will have a plot or draught of 
the ſurvey. oben; A R's 
For example. Let it be required to make a plot, 
or draught of the field notes. 
I Iſt. Draw any line, as NAS, „g. 1, plate 18, 
to repreſent the magnetic meridian, and aſſign any 
convenient point therein, as A, to repreſent the 
F | place 
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place of beg inning the ſurvey lay the ed e of the 
portale ies The Iine N NA: 8, with the center 
thereof at the point Ay and mark off ſeven degrees © 
on the limb Þ k the weſtward or left the 
north, and draw the line A B, through the Point 
ſo marked off; making the length thereof 271 
chains by the ſcale of equal parts. adly. Draw- 
another meridian line N BS, through. the point 

B parallel to the former,* Lay the edge of the 

protractor on this ſecond "theridian Ine N BS, 

with the center thereof at the point B, and marx 
off 55 15" on the limb to the right hand, or caſt- 


ward of the north; and draw the line BC through 


the point ſo marked off, making the length there= 
of 18 chains 20 links by the ſcale of equal paris. 
3dly. Draw another meridian line NCS, through 
the point C. parallel to the former: lay the edge 
of the protraQor to this third meridian line NCS, 
with the Center thereof at the point C, and lay 
down the third courſe and diſtance C D, in the 


ſame manner as before, and ſo proceed with * 
the other lines DE, EF, FG, GA; and' if the 


laſt line ſhall terminate in the place of beg nning, 
the work cloſes as it is called, and all is ch Büt 
if the laſt line do not terminate in the place of 
beginning, thete muſt have been a miſtake either 

in taking the notes, or in the x otraction of On” = 
in ſuch caſe, therefore, it will be neceſſary 

over the protraction again, and if it be mils 456 and ue 
then, it muff of courſe be in the field notes, to DI 
rect which if the error is ee they milk e 5 


Fr 3. ö { 
taken again. wa 01 fit | 17 46; 4 70 8 084 
f en BL 1 aff} Teh bly Js 10 
94 We A Nen nil dan wml. Hr 
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Mx. GaLe's Mzrnob or PLoTTING. 


. Ihe foregoing method of plotting is liable to 
ſome inaccuracies of practice, on account of havin 
a new meridian for every particular line of the 
ſurvey, and on account of laying off every new 
line from 1he point of termination of the preceding 
one, whereby any little inaccuracy that may hap. 
pen in laying down of one line is communicated 
to the reſt. But there is a ſecond method of 
plotting, by which theſe inconveniences are avoid. 
ed, and by which alſo the accuracy or inaccuracy 
of the field work is decided with preciſion and 
certainty; I would therefore recommend this 
ſecond method to the practitioner as far prefer. 
' able to any other I have ſeen. 5 
2d method. Take out from the firſt table in the 
appendix, the northings, ſouthings, eaſtings, and weſt- 
ings, made on each of the ſeveral lines of the ſurvey, 
placing them in a kind of table in their reſpective 
columns; and if the ſum of the northings be equal 
to the ſum of the ſouthings, and the ſum of the 
eaſtings equal to the ſum of the weſtings, the 
work is right, otherwiſe not.“ 


% 


Then in an additional column put the whole of 
quantity of northing or of ſouthing made at the 3 
. termination of each of the ſeveral lines of the ſur- on 
vey ; Which will be determined by adding or ſub- N 
| tracting G 
* The truth of this obſervation cannot but appear ſelf- 0 
evident to the reader. For the meridians within the limits of th 
an ordinary ſurvey, having no ſenſible difference from paral- | 
leliſm, it muſt neceſſarily follow, that if a perſon travel any tt 
way ſoever with ſuch ſmall limits, and at length come round 0 
to the place where he ſat out; he muſt have travelled as far al 
to the northward, as to the ſouthward, and to the eaſtward, 3 


as to the weſtward; though the practical ſurveyor will always 


find it difficult to make his work cloſe with this perfect de- 
gree of exactneſs. 
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tracting the northing. or ſouthing made on each 
particular line, /o or Fon the northing or ſouthing 
made on the preceding line or lines. And in 
another additional column, put the whole quantity 
of eaſting or weſting made at the termination of- 
each of the ſeveral lines of the ſurvey, which will 
be determined in like manner, by adding or ſub- 
tracting the eaſting or weſting made on each par- 
ticular line, /o or from the caſting or weſting made 
on the preceding ie or names HON 
| The whole quantity of the northings or ſouth- 
ings, and of the eaſtings or weſtings, made at the 
terminations of each of the ſeveral lines, being thus 
contained in theſe two additional columns, the 
plot may be eaſily laid down from thence, by a 
ſcale of equal parts, without the help of a Pre- 
tractor. 

It is beſt, however, to uſe a pair of ſcales with a 
claſp, * whereby the one may at pleaſure be ſo 
faſtened to the other as to move along the edge 
thereof at right angles, ſo that the one ſcale may 
repreſent the meridian, or north and ſouth line, 
the other an eaſt and weſt line. It may alſo be 
obſerved, that in order to avoid taking the ſcales 
apart during the work, it will be neceſſary that 
the whole of the plot lay on one ſide of that ſcale 
which repreſents the meridian; or in other words, 
the ſtationary ſcale ſhould repreſent an aſſumed 
meridian, laying wholly on one fide of the ſurvey. 
On this account it will be neceſſary to note in a 
third additional column of the preparatory table, 
the diſtances of each of the corners or terminations | 
of the lines of the ſurvey, eaſt or welt from ſuch 
aſſumed meridian. In practice, it is rather more 
convenient that this aſſumed meridian fhould lay 

| | ö | . 
Or one of thoſe fig. at FG H, or I K L, plate 2. 
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on the weſt ſide, than on the caſt ſide of the 


ſurvey. 


The above-mentioned additional column, as has 
been already oblſer ved, contains the diſtance of 
each of the corners or terminations of the lines of 
the ſurvey, caltward or weſtward from that mag. 


netic meridian which paſſes through the place of 


beginning the ſurvey. In order, therefore, that the 
aſſumed meridian ſhould lay entirely without the 


ſurvey, and on the weſt fide thereof, it will only be 
neceflary, that it's diſtance from that meridian - 


which paſles through the place of beginning, 
ſhould be ſomewhat greater than the greateſt 
quantity of weſting, contained in the ſaid ſecond 
additional column. Let then an aſſumed number, 

ſomewhat greater than the greateſt quantity of 
weſfting contained in the ſecond additional column, 
be placed at the top of the third additional column, 
to repreſent the diſtance of the place of beginning 
of the ſurvey, from the aſſumed meridian. Let 
the ſeveral caſtings contained in the ſecond addi- 
tional column, be added to this aſſumed number, 


and the ſeveral weſtings ſubtracted from it; and. 


theſe ſums and remainders being reſpectively. placed 
in the third column, will ſhew the diſtance of the 
ſeveral corners or terminations of the lines of the 
ſurvey, from the aſſumed meridian. 


The preparatory table being thus made, take a 


ſheet of paper of a convenient ſize, or two or more 


ſheets paſted together with a little paſte or mouth 
glue, in caſe a ſingle ſheet ſhould not be large 
enough ; and on the left hand of the intended 
plot, draw a pencil line to repreſent the aſſumed 
meridian, on which lay the ſtationary ſcale. Place 
the moveable ſcale to any convenient point on the 


_ edge of the former, and point off by the edge a 
RE, the 


. — — 2 
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the latter, (according to any deſired number of 
chains to an inch) the aſſumed diſtance or number 
of chains, contained at the top of the above- men- 
tioned third column of the preparatory table. Move 
the moveable ſcale along the edge of the ſtationary 
one, to the ſeveral north or ſouth diſtances con- 
tained in the firſt of the above-mentioned additional 
columns; ſo will the points thus marked off, re- 
preſent the ſeveral corners or terminations of the 
lines of the ſurvey ; and lines being drawn from 
ene point to the other, will of courſe he ag: 
the ſeveral lines of the ſurvey. | 
Example. Let it be required to make a plot or 
draught of the field notes, Page 219, COONS to 
Mr. Gale's method. | 
The preparatory table will be as follows. 


23 IN. and S. E. and W. — 
diſtances Kiſtances ſof the ends 
Northings, ſouthings, eaſt-[from the ſirom the ſof each 
Courſes aud diſtance gings, and weſtings, madeſplace of Jplace of [line from 
az taken in the field. ſon thoſe reſpective courſeg beginning [beginning [the aſ- 
and diſtances. to the end to the endſ ſumed 
b Jof each Jof each [meridian, 
| 988 line. line. 
5 | N 8 E. W 
2 ? ck. ' 777 . L, E. 3 
1. N. 7 W. 21. ocſ2o 84 2 56]N. 20 860W. 2 56]E. 0 44 
2. N. 55 15 E. 18 20/10 37 14 951 N. 31 1E. 12 39 16 39 
3. S. 62 30 E. 14 40 * 6 65112 77 N. 24 660E. 25 16] 28 16 
4. . 40% W. 11 8 43 7 N. 16 13]E. 18 09 21 og 
6. S. 415 E. 14 5 2 1 04 N. 1 INE: 19 19} 34 13 ; 
b. N. 23 45 W. 12 40] 3 47 [I go{N. 5 641E. 723] 10 23 
7. S. 52 W. 917 5 64 7 23] ooo coo 3 oo 
= 34 68 28 7b 28 76 1 | 


The northings and ſouthings, an and 
weſtings, in the above table, are taken from the 
firſt table in the appendix; thus, firſt find the - 
courſe 7 degrees in the table, and over againſt 21 
chains in the column marked diſt. you have 20.843 
in me column marked N. S. which (rejecting the 


* 3 right 
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right hand figure 3 for it's inſignificancy) is 20 


chains, 84 links, for the quantity of nori hing; and 
in the column marked E. W. you have 2.559, very 
near 2 chains, and 56 links for the weſting made 
on that courſe and diſtance. 2. Find the next 
courſe 55. 15 in the table, and over againſt 18 
chains in the column diſt. you have 10 chains, 
26 links in the column marked N. S. and 14 chains, 
79 links in the column marked E. W. and over 
againſt 20 links in the column diſt. you have 11 
links in the column N. S. and 16 links in the 


column marked E. W. which put together, make 


10 chains, 37 links, for the northing, and 14 


chains, 95 links, for the eaſting made on the ſecond 


courle ; and ſo of the reſt. 
The north and ſouth diſtances made from the 


place of beginning to the end of cachline, contained 
in the next column, are determined thus. On the 


firſt courſe, 20 chains, and 84 links of northing 


was made; on the ſecond courſe, 10 chains, 37 


links of northing, which added to the preceding, 


makes 31 chains, 21 links of northing; on the third 


- courſe was made, 6 chains, 65 links of ſouthing, 


which ſubtracted from the preceding, 31 chains, 


21 links, of northing, makes 24 chains, 56 links, of 
norihing and ſo of the reſt. 


The eaſt and weſt diſtances made from the place 


of beginning to the end of each line, contained in 


the next right hand column, are determined i in the 
ſame manner ; thus, on the firſt courſe was made, 
2 chains, 56 links of weſting; on the ſecond 


8 14 chains, 25 links, of eaſting, from which 


ſubtracting the preceding, 2 chains, 56 links, of 
weſting, there remains 12 chains, 39 links, of 
caſting; on the third courſe was made, 12 chains, 
35 links, of calling, which added to the _ 

5 ing 
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ding 12 chains, 39 links, makes 25 chains, 161inks, 
of eaſting; and ſo of the reſt. 

The diſtances of the end of each line from the 
aſſumed meridian, contained in the next right 
hand column, are thus determined. The firſt 
aſſumed number may be taken at pleaſure, pro- 
vided only, that it exceeds the greateſt quantity of 
weſting contained in the preceding column, 
whereby the aſſumed meridian ſhall be entirely out 
of the ſurvey. In the foregoing example, the 
greateſt quantity of weſting contained in the prece- 
ding column, is 2 chains, 56 links; the neareſt 
whole number greater than this, is 3 chains, which 
ls accordingly taken and placed at the top, to re- 
preſent the diſtance between the aſſumed meridian 
and the place of beginning of the ſurvey; from 
this 3 chains, ſubtract 2 chains 56 links of weſt- 
ing, there remains 44 links for the diſtance be- 
tween the terminations of the firſt line and the aſ- 
ſumed meridian. The 12 chains, 39 links, of eaſt- 
ing, in the next flep; is added to the aflumed 3 
chains, which make 15 chains, 39 links, for the 
diſtance of the termination, by the ſccond line 
ſrom the aſſumed meridian. The 25 chains, 16 
links of caſting, in the next ſtep, being added in 
like manner to the aſſumed 3 chains, makes 28 
chains, 16 links, for the diſtance of the termination 
of the third line from the aſſumed meridian, and 
ſo on, always adding the eaſtings, and ſubtracting 
the weſtings from the firſt aſſumed number. 

The preparatory table being completed, take 3 
ſheet of paper or more, joined together if neceſſary, 
and near the left hand edge thereof, rule a line as 
N. S. fig. 2, plate 18, to reprefent the aſſumed me- 
ridian ; on this line lay the ſtationary ſcale, and 
aſſuming a as a convenient point therein, to re- 

S 4 preſent 


5 
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| preſent the point directly weſt from the place of 


beginning ; bring the moveable ſcale to the point 
a, and lay off the firſt number contained in the laſt- 
mentioned column of the preparatory table, (viz. 3 


chains) from a to A, and A will repreſent the place 


of beginning of the ſurvey. Move the moveable 
ſcale along the ſtationary one to the firſt north and 
ſouth diſtance from the place of beginning, (viz. 
20.84. from a to b) and lay off the correſponding 
diſtance from'the aſſumed meridian (0.44) from b 
to B, and draw AB, ſo will A B repreſent the firſt 
line of the ſurvey ; again move the moveable ſcale 
along the ſtationary one, to the third north and 
ſouth diſtance from the place of beginning, (viz. 
N. 31. 21. from a toc) and lay off the correſ- 
ponding diſtance from the aſſumed meridian, viz. 
15. 39. from c to C, and draw B C, ſo will BC 
repreſent the ſecond line of the ſurvey. Again 
move the moveable ſcale along the ſtationary one, 
to the third north and ſouth diſtance from the place 
of beginning, (viz. 24. 56. from a to d) and lay 
off the correſponding diſtance from the aſſumed 
meridian, (viz. 28. 16.) and draw C D, which 
will be the third line of the ſurvey. Proceed in 
the ſame manner till the whole be laid down, and 
ABCDEF GH will be the required plot. 

This method of plotting is by far the moſt perfet, 
and ihe leaſt liable to error of any that has been con- 
trived. It may appear to ſome to require more 


labour than the common method, on account of 


the computations required to be made for the 
preparatory table. Theſe computations are how- 


ever made with ſo much caſe and expedition, (by 


the help of the table 'in the appendix,) that this 
objection would vaniſh, even if the computation were 
of no other uſe but merely for plotting ; but it muſt le 
„ 5 One | 2 | „%% on obſerved, 
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obſerved, that theſe computations are of much further 
uſe in determining the area or quantity ' of land | 
contained in the ſurvey, which cannot be aſcer- 
tained with equal accuracy in any other way. 
When this is conſidered, it will be found that this 
method is not only preferable on account of it's ſu- 
perior accuracy, but is attended with leſs labour 
on the whole than the common method, 

If a pair of ſcales, ſuch as are above recommen- 
ded, be not at hand, the work may be laid down 
from a ſingle ſcale, by firſt marking of the N. and 
S. diſtance on the line N. S. and afterwards laying 

off the correſponding eaſt diſtances at right angles 
an: ; ol 
Io plot the field notes, p. 302. 1. Lay down 
all the ſtation lines (viz. 7 W. 21 chains, N. 55, 
15. E. 18. 20. &c.) contained in the middle 
column of the field book as before directed, with. 
out paying any regard to the offsets, until all the 
ſtation lines (repreſented in fg. 3, by dotted lines) 
be laid down ; then lay off the reſpective offsets 
at right angles from the ſtation line, at the reſpec- 
tive diſtances at which they were taken, as is done 
at fig. 3, a bare inſpection of which will make 
the work perfectly plain. 


BFF 3 my - OV 


Jo plot the field notes, p. 304. 1. Lay down the 
whole of the outſide boundaries, the ſtation lines 
firſt, the offsets afterwards, as directed in the pre- 
ceding articles, and then lay down the internal di- 

viſions or boundaries of the reſpective fields, in 

the ſame manner as is done in fg. 4. 


OssERVATIONS on PLOTTING, BY M. MiLIxE. 


The protractor, whether a whole or a ſemi-cir- 
cle, ought not to be leſs in diameter than ſeven or 
EPO” Or | e 7 
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eight inches, to inſure the neceſſary degree of ac- 
curacy in plotting the angles of a ſurvey. The 
degrees on the limb are numbered in various ways, 
but moſt commonly from 109, 20, &c: to 3609. 
It would be right to repeat the numbers the con- 


trary way, when the breadth of the limb will ad- m 
mit of it. Others are numbered 109, 200, &c. to ot 
1809, and the contrary. Surveyors will ſuit them- jo 
ſelves with that kind beſt adapted to their mode Ii 
of taking angles in the field; ſo that in which At 
ever way the limb of the inſtrument they ſurvey 
with is graduated, the Cars had beſt be the j 
ſame. 1 
It is true, a ſurveyor af much practice will read | 
off an angle mentally very readily, in which ever 


way the inftrument happens to be graduated. 


For inſtance, I have in the field taken the an- 
gles made with the magnetic meridian, in which 
caſe I count no angle above 89 59. if the angle 
comes to 900, 1 call it due E. or due W; jf it is 


89 59), I write to it N. E. or S. E. or elſe N. W. 
or S. W. as it happens to turn out. | 


Now 89 59' N. E. upon a protractor numbered 
to 360? O, and placing 360 to the north, reads the 
ſame; but 892 59“ 8. E. reads g0®'1', and 89 59' 
S. W. reads 269? 59“; and laſtly, 89 59 N. W. 
reads 2701. 


Again, if the angle or bearing is due ſouth, it 
reads on this protractor LS, it 0 3-8, Et reads 
179 59%, and if Oe 1“ S. W. it is 180® 1'; and fo of 
any other intermediate angle or bearing. 


The great inducement to ſurveyors, for taking 
the angles by the bearings the lines make with 
the magnetic meridian, is the having the needle as 

a check 
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a check in the courſe of the ſurvey; and when 
the circuit comes to be plotted, having it in his: 
power to prick off all the an ngles,. or bearings of 
the circuit, at once planting of the protractor. 


This mode of ſurveying, or taking angles is alſo 
more expeditious, and more accurate than any 
other, provided the index of the inſtrument is 
furniſhed with a clamp for making it faſt to the 


limb, while it is W 26. from one ſtation to 
another. 


IE protractor for plotting this way of EE 
had beſt be graduated 10, 20, &c. to 180, 
0 the right hand, and the ſame repeated on the 
left; and again repeated contrary to the former; 
but as protractors for general uſe are graduated 
10, 20, &c. to 360, I ſhall here deſcribe a very 
uſeful and convenient one of this latter kind, and 
then proceed to give an example of plotting all 
the angles of a circuit by it, from one ſtation. | 


This protractor is repreſented at fig. 5, Plate 17. 
It's diameter from pointer to pointer, is 94 inches; 
the center point is formed by two lines croſſing 

each other at right angles, which are cut on a 
piece of glaſs. The limb is divided into degrees, 

and half degrees, having an index with a nonius 
| graduated to count to a ſingle minute, and is fur- 
niſhed with tooth and pinion, by means of which 
the index is rhoved round, by turning a ſmall nut. 
It has two pointers, one at each end of the index, 
furniſhed wih ſprings for keeping them ſuſpend- 
ed while they are bringing to any angle; and 
being brought, applying a finger to the top of the' 
pointer, and preſſing it down, pricks off the angle. 
There 1s this advantage in having two pointers, 
that all the bearings round a circuit may be laid, 


or 


— — 


— 1 
. . — — —————— 2 
— 
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or pricked off, although the index traverſes but 
one half of the protractor.“ 

Let fip. 5, plate 13, be the circuit to be plotted. 
I draw the magnetic meridian N. S. fg. 6, plate 
13, and aſſigning a point therein for ſtation 1, 
place the center of the above deſcribed protractor 
upon it, with 360 exactly to the north, and 
180% to the ſouth of the magnetic meridian line 
N. S. For the conveniency of more eaſily reading 
off degrees and minutes, I bring the nonius to 


the ſouth ſide of the protractor, or ſide next to 


me; and ſeeing by the field ſketch, or eye draught, 


fig. 5, that the bearing from ſtation 1, to ſtation 


2, is 8% 30“ S. E. I readily. conceive jt wanting 
20 30 of being due eaſt, or 9o o; therefore 
adding mentally 2 30 to 90 O, I make 92 30 on 


this protractor, to which I bring the nonius, and 
then make a prick, by preſſing down the pointer 


of the protractor, and with my lead pencil mark it 
1. The bearing from ſtation 2, to ſtation 3, being 
10 15) N. E. (ſee fig. 5,) I bring the nonius for 
the ſake of expedition and eaſe of n off, to 
100 15' S. W. which is upon this protractor 190% 
IS» 

*The protractor, repreſented fig. 7, plate 11, is circular, and 
of the ſame diameter as the foregoing; the center is alſo 
formed by the interſection of two lines at right angles to each 
other, which are cut on glaſs, that all parallax may thereby 
be avoided; the index is moved round by a tooth and pinion. 
The limb is divided into degrees, and half degrees, and ſub- 
divided to every minute by the nonius; the pointer may be 
ſet at any convenient diſtance from the center, as the ſocket 
which carries it moves upon the bar B C, and is fixed there- 
to by the nut D. At right angles to the bar B C, (and move- 


| able with it) there is another bar EF; on this bar different 


ſcales of equal parts are placed, fo that by moving a ſquare 
againſt the inner edge thereof, angles may be transferred to 
any diſtance from the center, containing the ſame number of 
degrees marked out by the index, the uſe of which will be 


| evident from Mr, Milne's obſervations, 


p 0 ” $a © Wd * 
: , Pape e — bY 
"aa As, oy at tC RA et . _ 
n * * 7 
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15% and preſſing down the north pointer, it will 
prick off 10% 15' N. E. which I mark with my 
pencil 2. 3 


The bearing from ſtation 3, to ſtation 4, being 


852 13˙ N. E. I readily ſee this is wanting 4* 47 


of being due eaſt; therefore I bring the nonius to 


within that of due weſt, which upon this protrac- 


tor is 265 13', and preſſing down the N. E. 


pointer, it will prick off 85 13' N. E. which I 


mark 3. | 


The bearing from ſtation 4, to ſtation 5, being 


11e 5 N. W. I bring the nonius to 168* 55", a 
with the oppoſite, or north-weſt pointer prick off 
11 5“ N. W. which I mark 4. 


In like manner I prick off the bearings from 
ſtation 5 to 6, from 6 to 7, and from 7 to.x, 


which cloſes the circuit; marking them ſeverally 
with my pencil 5, 6, 7. 


Then laying aſide the protractor, and caſting 
my eye about the tract traced by the pointer of 
the protractor for the bearing from ſtation 1, 
marked 1, I apply the ruler to it and ſtation 1, and 


drawing a line, mark off it's length by compaſſes 


and ſcale, eight chains, which fixes ſtation 2. 
Again, caſting my eye about the tract traced by 
the pointer of the protraQtor, for the 2 bearing, 
marked 2, I apply the parallel ruler to it, and ſtation 
I, and moving the ruler parallel eaſtward, till it's 


edge touches ſtation 2, I from thence draw a line 


northward, and by ſcale and compaſſes mark it's 
length five chains, to ſtation 3. Thus the bear- 
ing 10 15' N. E. at ſtation 1, is transferred to 
ſation 2, as will eaſily be conceived by ſuppoſing the 
points a, b, moved eaſtward, preſerving their pa- 
ralleliſm, till they fall into the points of ſtation 2 


and 3, forming in fig. 6, the parallelogram, a, b, 3,2. 


It 
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It is evident this bearing of 10® 1 5 N. E. is by 
this means as truly plotted, as if a ſecond meri- 
dian line had been drawn parallel to the firſt, 
from ſtation 2, and the bearing 100 15“ N. E. laid 
off from it, as was the common method of plot- 
ting, previous to the ingenious Mr. William Gar- 
diner's communicating this more expeditious, and 
more accurate mode, to the public. However, it's 
accuracy depends entirely upon uſing a parallel 
ruler that moves truly parallel, which the artiſt 
will do well to look to, before he rn to this 
way of plotting. 

Station 3 being thus fixed, to find tation 4 1 
caſt my cye about the tract traced by the pointer 
of the protractor, for the bearing mark 3, and ap- 
plying the parallel ruler to it, and ſtation 1, move 
the ruler parallel thereto northward, till it touch 
ſtation 3, and from thence draw a line north-eaſt- 
ward, and by ſcale and compaſſes marking it's 
length, three chains, ſtation 4 is found. 

Now conceive the points c, d, moved north- 
ward, preſerving their paralleliſm, till they fall in- 
to the points of ſtations 3 and 4; and thus ſtation 
4 has the ſame bearing from ſtation 3, as c, or d, 
has from ſtation 1. 

In the ſame manner I proceed to the next bear- 
ing 4; and placing the ruler to the point made by 
the pointer of the protrattor at 4, and ſtation 1, 
and moving the ruler parallel, till it's edge touch 
ſtation 4; from thence draw a line, and mark off 
it's length, five chains, to ſtation 5. Here e, f, is 
transferred to 4th and «th ſtations, and the th ſta- 
tion makes the ſame angle with the meridian from 
the 4th ſtation, as e, or f, does with the meridian 
0 the firſt ſtation. 

In like manner r applying the parallel ruler to 

ſtation 
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ſtation 1, and the ſeveral other bearings of the 


circuit 5, 6, and 7; the points g, h, will be tranſ= 


ferred to «th and 6th ; and i, Kk, to 6th and 7th; 
and laſtly, the bearing from the 7th ſtation will 


fall exadily into the firſt, which cloſes the plot of | 


the circuit. 

It is almoſt unneceſſary to - obſerve, that the 
dotted lines marked a, b, c, &c. fig. 2, are drawn 
there only for illuſtrating the operation: all that 
is neceſſary to mark in practice are the figures 1, 


h 3, &c. round the tract traced by a. Ou of 
the protracior. 


= inn. 


Or 


r 
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Or DETERMINING THE AREA OR Con- 
Ter OF LAND," 


1. The area or content of land is denominated 
by acres, roods, and perches. 1 9 7 8 
40 ſquare perches make a rod, „ 
4 roods (or 160 ſquare perches) make an 
Engliſh acre. | | We ON 
And hence 10 ſquare chains (of 4 perches each) 
make an Engliſh acre. 1 
2. The moſt ſimple ſurface for admenſuration, 
is the rectangular parallelogram, which is a plane 
four-ſided figure, having it's oppoſite ſides equal 
and parallel, and the adjacent ſides rectangular to 
one another; if the length and breadth be equal, 
it is called a /quare; but if it be longer one way 
than the other, it is commonly called an oblong. 


To DETERMINE THE AREA OF A RECTANGULAR 
 PARALLELOGRAM. : 


Rule. Multiply the length by the breadth, and 
that product will be the area.“ | 
It has been already obſerved, that the beſt me- Fr 
thod of taking the lengths is in chains and links ; 
hence, the above-mentioned product will give the 
area in chains and decimal parts of a chain. And 
as 10 ſquare chains make an acre, the area in acres 
will be ſhewn by pointing off one place of decimals 
more in the products, than there are both in the 
multiplicand and multiplier ; which anſwers the ſame 
purpoſe as dividing the area in chains by 10; _ 
| | N the 


% 


* Euclid, Book 1. Prop. 35. Scholium. 
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the roods and porches will be determined” by 
multiplying the decimal parts by 4, and by 40. 
Example. Suppoſe the ſide of the foregoing 


ſquare be 6 chains and "TS. oy what is hs 
area? 


Multiply 6.75 
by 6.75 
3375 


leres 4 4. 62 | adn. 
ui 0 bod. men ae. 

Roods 2.22500 
725 40 Petches in u tood. 


Perches 9.00000 | | 


Tix. Acres. Roods. Perch | 
Bs; 13116 ne ods I 


Suppoſe the length of the 5 oing oblong 
be 9 chains and 45 links, forge the — 


5 Chains and 15 links, how many acres doth it 
contaiꝑ ? 


8 * 9-45 


by 5. 15 
47⁴˙ ' 
945 5 
4725 14 
Acres 4.86675 . (cartied over) : 
PEW A T 3 he. Acres 7 
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« 
bin. 


40 


— 


Perches 18.680000 1 


—_— 


A. 73 1 
Anſ. 4 3 18. (The decimal parts. 68 
are not worth regarding.) 


If the parallelogram be not rectangular, but 
oblique angled, the length muſt be multiplied by 


the perpendicular breadth, in order to give the 
area.“ obs 2003 

3. After the parallelogram, the next moſt 
ſimple ſurface for admenſuration is the triangle. 


To DETERMINE THE AREA OF A TRIANGLE. 


Rule. Multiply the bafe' (or length) by half the 
perpendicular, let fall thereon from the oppoſite 
angle, and that product will be the area of the 
triangle. rr 5. | 

Examples, In the triangle 
ABC, right angled at B, let 
the baſe AB, be 8 chains and 
25 links, and the perpendicu= 
lar BC, 6 chains and 40 links; 


how many acres doth it con- 
tain? A 


C 


B 


* Lee Euclid, Book 1, Prop. g5, and g. 
+ Euclid, Book 1, Prop. 41, Scholium. Every triang'e 


| is equal to the ene half of a parallelogram, having the ſame 
baſe and altitude, Anas Ha. : 


Multiply 


—— 


„ &) md 


e 
* 


let the baſe DE be 
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WA. 90 4 


| Multi ply 8.28 
by (che half of 6. 80 t 3.20 


rr 
* 


1 +/5 5 4 ; 


| 1 Aer 
Aeres Lee r 
| | | 115 $f} „90 11 


Perches 3 22, 1 


7 


* 
; + 
» $ & 7 * > £ : 
8 . d 7 = . * - + 3 bl # 
7 i 1 
4 * * 7 p P a \ * 
* # 4 ' ? * 


$33.50 "37:13 
Anſ. 2 © 22. 1115 2911 400 21 £9313 
In the oblique! an- N 
gled triangle DE F, 


R 
rf; TE 


12chainsand 25 links, | me . 
and the perpendicu- my N . 
„ THEE OS 
the baſe DF. from the — 


— 4 | 


oppoſite angle F) be 7 _ 30 links, how 


many acres doth it contain? 


Multiply 12.26 
by (the half of 7. 39 VIZ.) 3-65 


6125 

7350 

3675 
Acres 4.47125 
42 We 1 
Roods 1.88500 (carried over) 
Z 4 Roods 


3 
19 9010 


1 
* 
* 

' 

3 

' 
7 
*. 
b 
4 
1 
A 
5 
+ 
. 

» ; 
q 
1 
f 
A 
5 
* 


— 
— 1 I Eee 
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Roods 1. 88 5 


Perches 35. 40000 
5 * 8 


— — _ 


/N i. 


Anſ. 4 1. 35. ä | 


It would be the ſame thing, if the perpendicu- 
lar were to be multiplied by half the baſe; or, if 
the baſe and perpendicular were to be multiplied 
together, and half- the product taken for the area. 

4. The next moſt ſimple ſurface for admenſura- 
tion is a four-fided figure, broader at one end 
than at the other ; but having it's ends parallel to 
one another, and rectangular to the baſe. It's 
area is determined by the following © 

Rule. Add the breadths at each end together, 
and multiply the baſe by half their ſum, and that 
product will be the area. Or otherwiſe ; multiply 
the baſe by the Whole ſum of the breadths at each 


8 


end, and that product will be double the area, 


the half of which will be the area require. 
Etample. Let the baſe. be 10 chains and 
go links; the breadth at the one end 4 
chains and 75 links, and the breadth at the other 


end / chains and 35 links; what is the area? | 


"41h. 
N 


2)1 2. 10 ſum 


6.05 half ſum 
10.90 


54450 (carried over) 
| \ $4439 


? g 


Sz OO 


_ "2 ” '1 p 2 % 46 : Wow. 73 #4 9 3 * 65 4 % we 
7 P 4 * * £ 1 * * 1 . * . ww + „ * * 4 LP 15 1 4 * & * + 
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Fo © I. : x * 4 o 
N 3 8 


54450 
00 050 


Acres 6. -59450 


Perches 15-1200 ? 


* rn * * — 


A. * . 
Anſ. 6 1 18 


6. Irregular four- ſided figures are called trapexia. 


The area of a trapezium may be CAE GL 954 b 
the following g 


Rule. Take the diagonal length from one ex- 
treme corner to the other, as a baſe, and multiply 
it by half the ſum of the perpendiculars, falling 


thereon from the other two dor den, and that me” 
duct will be the area. | 


- Example. In the trape- n 1 
zum BCD. er the TAGEN ==, ey 
diagonal AC, be in . 
chains and go links; ye . 1 41 
perpendicular BF, 'D 
chains and 40 links, — . perpendicular DE, 
J chains and nn what is we ! 14009 


1 


B F 4 ö 
DE 3.90 


2 05.30 um 


1 halffum 


Y 5 8 ; 2 2 (carried over) 4.15 


o 
74 
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4-15 half ſum 


AC 11.90 
”Y a — 


77 


i 1 1 1 5 
Fl , 4 % „ * 7 
. _ * s ; £ k 
S „ uo 
* ; mY , x 
980 , F 1895 15 4 1 $* is Ton 4 
$ s 3 * . . 
4 | 212 11 2 $ nt 
f 2 * 3 S 
. "us. . 
* rn j: * ' FL 3-4 4 r 
% 14 F 7 > 4 - 8. = 
3 - 3 * % Bl PY = * 
* 4 K ©, . 9 : # q 4 
12 
1 hs. wh # « 
: - 4 by * 7 Pp 
py” * „ 4 1 14 1 hs. ' 9 
8 P _ © 4 % a * „ . 
- * ” * 999 
1 * 


*- 
77 1 
{3 15 180 3 "334 : 374 Ty 2 IIS; 7 


A; is 33 hd * 8 $42 
* 

* | O 

eres 49385 
. — See wow! ot, 


Robe 3 7 5455 
40 


—— 


Perches 30:16000 rae 0g ti 


FE N., P. 
111 Anſ. 4 Ar 30. 


If the diagonal A C were multi died 11 the 
-whole ſum of the perpendiculars, 44 product 


would be double the area; the half of which would 


be the area required. 

6. The area of all other figures, (whether 1 re- 
gular or irregular, r,) of how many ſides ſoever the 
figure may conſiſt. may be Var A ua either by 
dividing the given figure into triangles or trapezia, 
and meaſuring thoſe triangles: or trapezia ſepa- 
rately, the ſuns. total of which will be the area 
required: or otherwiſe,. the area of any figure may 


be determined by a computation made from the 


courſes and diſtances of the boundary lines, ac- 
cording to an univerſal theorem, which will be 
an Ke na 

7. The 


* The regular 7 ug (pal gons and circles) do not occur 
in praQtical ſurveying. 4 this head, therefore, I ſhall 
only . that the method of determining the area of a 


Fegular po on, 1 is a u containing any PR 


— 2 — 


Ss. 


— 


T4 3479 42 
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. The method of determining the area by di- 
viding the given figure into trapezia and triafigles, 
and meaſuring thoſe trapezia and triangles ſepa- 
rately (as in article 5, and article 3 of this rt,) 
is generally practiſed by thoſe Jand/' meafurers, 
who are employed to aſcertain the number of 
acres in any piece of land; When a regular land ſur- 
veyor is not at hand; and for this purpoſe, they 
meaſure with the chain, the baſes and perpendicu- 

_ of the ſeveral OP and e in the 
fiel 

Thus = exam- | 

ple, ſuppoſe the an- 3 
Jenks figure be a PR. 
field to be meaſured 
according to this 
method, the land ; 
meaſurer would mea- * 
ſure with the chain, 
the baſe B G, and the 
perpendiculars H C, 
and 1 A, of the tra- B 
pezium A BCG; 
the baſe G D, and the 
perpendiculars K F, 
and LC, of the tra- 8 
pezium GC DF: ind the baſe F. and = - 
en M E, of the triangle DE F. reren 


* 
8 4 


Q 


Jews — — 


1 
z 

* 

7 
2 
2 

4 

, 
3 
55 
z 

U 


In 


of equal ſides and equal angles) is, to RET the tele f 
one of the ſides by the number of ſides which che 
contains, and then to multiply that product, by 5 f The 
perpendicular let fall from the center to any one of the 
lides, and this laſt product will be the area. 

The length of the perpendicular, if not given, may be 
determined by trigonometry, thus: 

Divide 360 degrees, by double the number of ſides con- 

24 _ 


f 


a1 { 
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In order to determine where on the baſe lines 
the perpendiculars ſhall fall, the land meaſurer 
commonly makes uſe of a ſquare, conſiſting of a 
piece of wood about 3 inches ſquare; with aper- 
ftures therein, made withia fine ſaw, froni corner 
to corner, thereby croſſing each other at right 
angles in the center; which, when in ule; is fixed 
on a ſtaff. eee ie 093 

The baſes and eee mea- 
ſured, the area of each trapezium is determined as 
in article 5, and the area of the triangle as in ar- 
ticle 3, of this part; which being added to- 
gether, gives the area of the whole figure required. 
This method of determining the area, where the 
whole of each trapezium and triangle can be ſeen 
at one view, is equal in point of accuracy to any 
method whatever. It may likewiſe be obſerved, 
that a plot or map may be very accurately laid 
down from the baſes and perpendiculars thus 
meaſured; this method, however, is practicable 
only in open or cleared countries; in countries 
covered with wood, it would be altôgether im- 
practicable, becauſe it would be impoſſible to ſee 
from one part of the tract to another, ſo as 
to divide it into the neceſſary trapezia and trian- 


31 
1 Wb. 


- * #* £% 7? ** 
Þ, * S Þ ? 4 bl 3 
FI ; > S 2 
4 11 143 $ 4 


20 { A+ MOT | 
tained, in the polygon, a 


As the /angent or half the angle at the center, 
Is to half the length of one of the fides : 4 
So is radius, 7 =, 0 234163 194014 

To the perpendicular ſought. AV 
The area of a iR cCLHis thus determined gc if the diame- 
ter be given, ſay as x: is to g. 144392 211ſo is the diameter: 
to the circumference; or, if the circumference be given, ſay, 
as 3.141592 is tol:: fo is the circumference : to the 
diameter. Then mulziply the circumference by ; of the | 

diameter, and that product will be the area, 


— — — nog ty 5, ——ä— 
. ü NAS NNN — — 
* 
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les But im open countries che only objection to 
15 * l labour and tediouſneſs 
of the wark\; ima large ſuryey, the number 
. of ＋ tapezia a and rtriangles would be ſo ver 
2 e all che ſeyeral baſes 4 
if he 7 vouldiſbe a very tedious: buſineſs, 
— ad effectually anſwtred, with in- 
finitely leſs labour, by taking the courſes and diſ- 
tances of the boundary lines: in manner mentioned 
page 2990 mis; Dq 11589 10 8918 5d3 tu 
38. Many ſurveyors who ral dei gerd ne notes in 
courſes and diſtances, and make a plot or map 
thereof, and then determine the arms from the 
- plot or map ſa made, by diriding queh plot or map 
into trapezia and triangles; as in the above: figure, 
and meaſuring the ſeveral ' baſes and eee 
buy the ſcale of equal parts; from which the plot or 
175 map was laid down. 51 . . 1616 { 2 | 
Wm By this method, the area will be Sterbned 
ſomething near the truth, but it falls ſhort of that 
bene which might be wiſhed, becauſe there 
bans regs the lengths of the baſes and per- 
pendiculars by the ſcale, within many links; and 
* ſmaller the ſcale ſhall be by which the plot i is 
18 Wi down, the greater of courſe muſt be the in- 
accuracy of this method of determining the area. 
This method, however, notwithſtanding it's in- 
accuracy, will always be made uſe of, where tables 


of the northing, louthing, 2 and welting, 
Are not at hand, 


Proper tables of the n. ng, ſourhing, 
cal ſting, and weſting, r 1 for the 
ſurveyors uſe, (ſuch as are contained in the ap- 
pendix to this tract) ought to be in the hands of 
every ſurveyor. By theſe tables the area of any 
ſurvey 1 is determined with great accuracy and ex- 


| pedition, 


\\ 


* | 4 


346 ESSAYS ON GEOMETRY, &e. 


pedition, by an eaſy computation from the follow.. * 
7 B from 
15 UXIVIRSAL ThroRem. _ T 
Tf the ſum of the D1sTANCEs, (on an eaft and weft as Al 
IFne,) of the tu ends of each line of the ſurvey, from weft 
any aſſumed meridian laying entirely out of the ſurvey, the 
be multiplied by the reſpective NORTHING, or SOUTH- the 
ING, made on each reſpective line ; the DbirrERERN ex | thay 
between the ſum of the NoRTHñ PRoDuUcTs, and the lun 
ſum of the Sourn PRopucTs, will be double the area exp 
of the ſurvey.“ OT YT VEE TER cor 
n Fur the 
| r col 
Le >: 
:: thawed 

* Demonft ration. Let | be 
ABCDEF be any ſurvey, e |____C oy 
and let the eaſt and weſt g e A 
lines Aa, Bb, Cc, Dd, Ee, | th 
and F f, be drawn from the DS | 3 de 
ends of each of the lines of 8 BN. A 

the faves to any aſſumed _ 1 


meridian, as N. S. laying F |-------- 
entirely out of the ſurvey, _ | 


& .. A. 


Then, I ſay, the difference between the fora of the pro- 
ducts Aa+Bb Xab, Bb Cc X be, Cc+Dd x cd 
and the ſum of the products Dd+Ee de, Ee Ff xef, 
Ff+AaxX fa; will be double the area of AB CDE FA. 
For, by article 4, the former products will be, reſpec- 
tively, double the areas of the ſpaces A Bb a, B C e b, and 
CDdc, and their ſum will of courſe be double the area of 
the ſpace Aa d DC BA. In like manner, the latter pro- 
ducts will be, reſpectively, double the areas of the ſpaces 
DEed,EFfe, and FAaf; and their ſum will of courſe 


J ˙ VOmRT YI CD RP ws} > 
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For example. Is it be required to determine l 
the area of the ſurvey mentioned in Page 9 
from the field notes there given. 
The northings, ſouthings, caſtings, and weltinh 
as alſo the north; and ſouth diſtances, and the eaſt a; 
ef diftances made from the place of be 
the end of each line ; and likewiſe the epining of 
the ends of each line from the aſſumed meridian, 
have been, already placed in their reſpecti ye co- 
lumns, and explained in the preparatory to the 
explanation of the method of plotting there re- 
commended ; but it will not be improper to give 
them a place here again, together with the wider 
columns for determining the area; in order that 


the 


be double the area of the ſpa ace Aad DE F A. But it is 
evident, that the difference, between the areas of the ſpaces 
AadDEFA, and Aad D CBA, muſt be the area of 
the ſpace ABC DEFA; conſequently, the difference 


between their doubles, muſt be double the area of 
ABCD E FA. 


| == - a a= a 


Again, the difference be- 
tween the ſum of the products 
| Mm Nn mn, Nn+00 72 
Xno, QqQ+RrxXqr; and 
the ſum of the products Oo + FY 
PpXop, PpFQqxpy 


Rr+ Mm rm; will be . - XR 
double the area of N N O P 
} QR M. 4 = | NR vo OO ©=n0p a 


q eee eee | 


For reaſoning as before, the ſum of the firſt mentioned 
| we products 


un 


9 
„ 


8 
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the whole, together wh the reſpective uſes of the 


ſeveral parts, may appear under one view, as 
follows. | pf 


products will be double the area of Go RQ+ 
MRTm M; and the ſum of the laſt mentioned products 
will be double the area of QOqoOP MRTmM. 
But it is evident, that Qꝗq o Oh0— 50 NMRQ 
= MNOPQRM: conſequently, Qqo OP Q+M 
RrmM—QqoONMRQFMRrmM=MN 
OPQRM,; and conſequently, the difference of their 
doubles, muſt be equal to double MNOPQRM. And 
the like in every other poſſible figure. 3 
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The three laſt columns, relating to the ares, 
are the only ones that remain to be explained. 
The firſt of theſe three columns. contains the 
ſuns of the diſtances of the two ends of each line 
yer ſurvey from the aſſumed meridian ; which 
| (according to the above univerſal theorem) are 
Aultipliers for determining the area. [Theſe are 
formed by adding each two of the ſucceſſive num... 
bers in the preceding left hand column together. 
Thus 3. oo is the diſtance of the place of beginning 
from the aſfumed meridian; and o. 44 is the dif- 
tance of the end of the firſt line from the aſſumed 
meridian; and their ſum is 3.44 for the firſt mul- 
tiplier. Again 0.44 added to 15.39 makes 
15.83 forthe ſecond multiplier. And 15.39 added 
to 28.16 makes 43.55 for the third multiplier; 
and ſo of the reſt, _ VVV'u, 
The north products contained in the next co- 
lumn, are the produdts of the multiplication of 
the ſeveral northings contained in the columns 
marked N, by their correſponding multipliers in 
| the laſt mentioned column. Thus 7.16896 is the 
product of the multiplication of 20.84. by 3.44; 
an additional place of decimals being cut off, to 
ive the product in acres. _—_— 
The Purh products contained in the next right 
hand column are, in like manner, the products 
of the multiplication of the ſeveral ſouthings in the 
column marked S, by their correſponding multi- 
pliers. Thus 28. 96975, is the product of the 
multiplication of 6.65 by 43.55; an additional 
| place of decimals being cut off, as before, to give 
| the product in acres : and-ſo of the reſt. 
| 
| 


7 


Ihe north produtis being then added together 
into one ſum, and the ſouth produłis into another 
: ſum, and the leſſer of theſe ſums being Wie 
5 3 2 rom 
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fro * he Kater; the remainder (by "the above . 
Rik eorem) is uble the area 0 tbe Survey: 
which, bei ing divided by Q, g rives the area re- 
quired; 1 VIZ. 51.3087, equal cn reduced), t 0 
$I Acres, 2 roods, and 36 perches 910.“ 
Not 5 ing, can be more. ſimple or eaſy in the er 
ede of more nN in, fel ien the de = 
NY with, reſpett to the proof of the work, 
e * otring,. 30g, 905 mputation of the area, 
than this procels,.. .. ele 
caſtings, . and,  weſtings, which. give the \molt de- 
1185 Proof oft an a or ren de ok the 
fiel Work, are ſhewn ion in table 1. 
From "theſe. the is nſ FT ances for the 
plot king, are formed; by a ſimple addition or ſub- 
e ind the multipliers, for determining 


the area, are formed from thence, by a ſimple 
coca We much leſs labour, than by the 


II. 


common method of dividing the plot into tra- 
pezia, and taking the multipliers by the ſcale of 
equal, parts. 3 | 
The ſuperior accuracy and. caſe with. which 
every part of the proceſs is performed, cannot, 
it is imagined, fail to recommen it to 8 . 
practitioner, into whoſe hands this tract ſhall 115 
10, If he boundary lines of the ſurvey ſhall have 
crooks and bends in them, which is encrally the 
Gale 1 in old ſettled countries, thoſe crooks and bends 
are taken by making e en from the ſtation lines ; 


bus 24.7% 19912 neil) > 


It muſt be GbR that,. in NOT to Slickitns ths 
area by this method of computation, it is indiſpenſibly ne: 
cellaty-that the ſeveral lines of the ſurvey be arranged r 
larly, one after another, all the way round the ſurvey, in 
caſe they ſhould not have been ſo taken in the field. Be. 
cauſe, without' ſuch Hangement, the northings or ſouthings 
made on each line, and the diſtances from the aſſumed merjs 
dian, would not correſpond with one another, 


ny 


e, northings, ſouthings, 7s 
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as explained in page 300. In theſe caſes the 


area comprehended within the ſtation lines is 
determined as in the laſt example; and the 
areas comprehended between the ſtation lines 
and the boundaries, are determined ſeparately, 


as in the hird and fourth articles of this part,) 


rom the Mels and baſe lines, noted in the field 
book ; and are added or 
according as the ſtation lines ſhall happen to 
be within or without the field furveyed ; which, 
of courſe, gives the area required. 
For example. Let it be required to determine 
the area of the ſurvey mentioned in the example, 
page 3o1, from the field book there given.“ 


The bearings and lengths of the ſtation lines are 
the ſame as in the laſt example; and conſequently 
the area comprehended within thoſe ſtation lines, 


muſt be the ſame ; viz. 51. 73087. 


Then, for the area comprehended between the 


firſt ſtation line, and the boundary of the field, 
we have (fee the field book, page 302, ) firſt, a 
baſe line 3.60, and a perpendicular offset 0.40; 
which (according to article 3 of this part) con- 
tains an area of 0.07200. Secondly, a bale line 


4-85 (being the difference between 3.60 and 


$8.45, on the ſtation line, at which points the 
_ offsets were taken), and an offset or breadth at 
the one end 0.40, and at the other end o. 10, 
which (according to article 4 of this part) 
contains an area of 0.12125. Thirdly, a baſe line 
7.15 (being the difference between 8.45 and 
I 5.60 on the ſtation line), and an offset or breadth 
at the one end 0.10, and at the other end 0.65 p 
PLOTS? | |  whic 


„ A plot of this ſurvey is given in plate 18, fig. 3· 


ſubtratted reſpectively, 
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which (according to the th article of this part) 
contains an area of o. 268123 Furtbiy, à baſe 
line the differente between” 15150 and 
| the tation line], and a perpendicular 
by 3- ich (aerofding to the third article 
Patt, ) ntaind am arel of 61/550 ö 
Theſe added together, make 6.63687 for the area =_ 
of the offeets'onateefirft tation Ine; amd, as His = 
ſtation line is rothin the ſurvey; is agen muſt of = 
courſe be audad x6 the above mentioned area com— 1 
prehended within the ſtatiom lines 
Next, for the area eomprehendect between the 
ſecond ſtation line and rhe boundary of the field, 
we have a baſe line 18. 20, and a perpendicular 
or offset o. 60 which (according to article 3 of 
this part,) contains an area of o. 5 460. And, 
as this ſtation line is without the ſurvey,” this 
area muſt: of courſe be gu rom WP 
mentioned area. W e DE 2 
The areas of all the other dete 3 yy © deter- | 
mined. in the een _ n reſpe EO 
— VIZ. D634} eee APE IO Ng O's 
5 ane 4 «111.38 te e ef 17 i 
3 f 761 ij 8 19-3 
ch e "12d 
4 00. 122 1 
Ser e A. 0.63 6 4: — gy 
On tie bn! a 2 2 8 
On th&15/## 11 . 41 . 24. ! 9.5480 
On Re 5 it, 5 * . 
On they mes | 
On the fexth 2 Ms 
On the Jeventh/x0.5-| — ns 
: 3G bil IANS] Loans Je 
I! Totals 3 be 2.08812 wg 


„ „. A i ten A 3 


f 
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The area -a comprehended wm. 
the ſtation lines, as above - A 51.7308 
| Offsets to be added < = = 2.08812 


K 


ee en oa, 63 81899 

Offeets to be ſubtracted 3 ow. 
Remains the area of the ſurvey. 110 I; 
S — A. 315 66239 


4 


| Roods - 2. .64956 


£ Perches =. 2 5.98240 


4 


11. When the ſurvey conſiſts of a number of 
fields lying together, it is beſt to determine the 
area of tbe whole, firſt; and afterwards, the area 
of each of the fields ſeparately; the ſum of which, 
if the work be true, vill of courſe agree with the 
area of the whole; which forms a check on the 
truth of the computations. 

But here it muſt be obſerved, that the boun- 
daries of each field muſt be ſo arranged for the 
computation, as to proceed regularly one aſter 
another, all the way round the field, becauſe, (as 
was obſerved in the note to the gth article of this 
part) without ſuch arrangement, the mnor/bing 


or ſouthing made on each line, and the diſtances 


from the aſſumed meridian, _ not correſ pond 
with one another. 


For example. — Suppoſe. it were required to aſ- 
certain the area of the ſurvey mentioned in 


page 


. — 8 


40 


Fro 


the 
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— 304, of the ſeveral fields therein contained ; 


m the field book there given.“ 


The bearings and lengths of the ſtation li lines on 
the outſide boundaries are as n vis. 


| Oh. L. 

I. S. 87 V. - 15,00 
„ 2d. N.18* & 30 W. 9.60 
30. N. 12 1% H 8.90 
Ach. N. 3 l. «$4.00. 
sth. 8. 7645 E. 16.00 
6th. S. 5 1“ W. 236.00 
7th. S. 74 30 W. — 7.68 


The area comprehended within 
theſe ſtation lines (computed ae- 
cording to the. above-mentioned 
univerſal theorem) is 
The area of the offsets to be 

added, — 
{computed as in the laſt example) 
Sum 
The area of the offsets to de 


A. 


— 


— 


ſubtracted, — — 
The area of the whole ſurvey 
e 
Perches - 


* 


66. 90493 | 


24.788 80 


| Then 
4 dee the plot of this ſurvey in plate is, fe, 4. | 
| - Aa a2 
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Then for determining the area of the eaſt held, E 
we have the following lines, viz. hav 
1ſt. Part of the firſt ſtation "160 Oh; L. 
line in the field book, viz. S. 8% W. 5. 50 ; 
2d. The offset tothe corner | 
of the eld. N. g* W. 1.10 
3d. The eig hth ſtation line 3 
in the feld book, = North = 16.61 
4th. The ninth ſtation line | 
in the field book, Eaſt '-- 13.77 
sth. The offset from the 3 
corner of the field to 
the ſixth ſtation line in 
the field bock, 8. 84 45 E. 0.56 
th. Part of the fixth 
ſtation line! in the field 3 
book, 8. 8e 1 1 w. I $4 
th. The feverth Ration 
line in the field book, - S. 74® 30 W. 7.65 
The area comprehended within 
theſe lines, computed according 
to the foregoing univerſal — 
orem,) is - — - A. 22.91936 
There are no offsets to be ad- 
ded in this field, the areas of the 
offsets to be ſubtratted (computed 
as 1n the laſt example) are = 2.22052 0 
Remains the area of the caſt 
10. 3 — Acres 20. 69884 a 
i 4 e 
Roods 2.79536 
| 40 
— 1 


" Perches - 31.81440 
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For aſcertaining the area of the weſt fell, we 
have the following lines, viz. 


iſt, The offset from the i 
ſouth- eaſterly corner to | ; 
the firſt ſtation line in 3 Ch. L. 
the field book, 8. 3* E. 1.10 

2d. Part of the firſt ſta- | 
tion line in the field 
book, £235 '% $9* | W. $40 

3d. The. ſecond” ſtation | 
line in the field book, N. 18 30 W. 9-60 

4th, The third ſtation . 

line in the field book, N. 121 2 E. | 8.90 Re 

sth. Part of the fourth E 94 

ation line in the fed 
book, - - N. 379 E. 5.40 
6th. The offset to the 5 tt 
corner, = S. 53% E. 0.40 
7th. The tenth ſtation _ | 
line in the field book, . | F\ 
reverſed, = S. 62 951 E. 7.92 
8th. The eighth ation ; 
line in che field book, „ 
reverſed, = - South. 16.61 


The area comprehended within 
theſe lines, (computed according 
to the above univerſal theorem, ) is A. 22.1 8048 
The areas of the offsets to be 
added (computed as in the laſt we 
FOOTE) 4 — — 0.62287 


Sum 22. 80335 
The areas of the 25 to 8 5 | 
ſubtraſted = it 1.1590 


* 


. Remains 
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Remains the area of the weſt fiel. 
Acres = 21.6443; 


Roods - 2.57740 
9 


— 


— 


Perches - 23:0g600 


2 


For aſcertaining the n area of the north field, we 
have the following lines, viz, 


1ſt. The offset from the 
ſouth-weſterly corner to 


the fourth ſtation line in . 
the field book, - N. 53 W. o. 40 
2d. Part of the fourth 

ſtation line in the field 9 

book, — N. E 1 60 
3d. The fifth ſtation line 

in the field book, - S. 76 45 E, 16. oO 
4th. Part of the ſixth ſta- 

tion line in the field 

book, =— - S. 5*15'W, 9.60 
sth. The offset to the 
. Corner, = - N. 84 45 W. 0.56 
6th. The ninth ſtation | | 
line in the field book, | 
reverſed, -=« - "Weſt. 13.77 


th. The tenth ſtation 
line in the field book, N. 62 30 W. 7.92 


The area comprehended within 
theſe lines (computed according 
to the above univerſal theorem, ) i is A. 21.81422 


- hs 
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(brought up) 21.81422 
The areas of the offsets to be A 
added (computed as in the laſt 


V ace 


1 


„Sm 2 23. 06452 
The areas of the offsets to be 5 


ſubtriQted;; + =! +: © 8 


dof — ” 


R the area of north field, 


Acres bie 5 


* 172 


Roods 2.28438 


40 


Perches = 10. 19520 


„„ 

The area of the Eaſt field, 20 2 31 
% ḿm m 

North field, =. 03; i | 


10 


The agreement of this total with the area of tie 
whole as firſt aſcertained, ſhews the work to be 
right. We muſt not however, in actual practice, 
expect to find ſo perfect an agreement as the 
above. A difference of a few perches, in a 
practice, is no impeachment either af the field 


| Work, or of the computations. 
A be Or 


«i» & » 


N 
4 
1 
i 
4 
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Ox MARITIME SURVEYING, 


IT was not my intention at firſt to ſay any 
thing concerning maritime ſurveying, as that ſub. 
ct had been already very well handled by Mr, 
Flardoch Mackenzie, whoſe bon. on maritime 
urveying ought to be in every perſon's hands who 
45 — by in this hranch of ſu urveying, a branch 
which has been hitherto too much neglected. A 
few general principles only can be laid down in 
this work; theſe, however, it is preſumed, will be 
found ſufficient for moſt purpoſes ; when the 
practice is ſeen to be eaſy, and the knowledge 
thereof readily attained, it is to be hoped, that it 
will conſtitute a part of every ſeaman's education, 
and the more ſo, as it is a ſubject in which the 
ſafety of ſhipping and ſailors is very much con- 
cerned. 
1. Make a rough ſketch of the coaſt or 
harbour, and mark every point of land, or par- 
ticular variation of the coaſt; with ſome letter of 
the alphabet; either walk of ſail round the coaſt, 
and fix a ſtaff with a white rag at the top, at each 
of the places, marked with the lettcrs of the al- 
phabet. If there be a tree, houſe, white cliff, or 
other remarkable object at any of theſe places, it 
may ſerve inſtead of a ſtation ſtaff 
2. Chuſe ſome level ſpot of ground upon which 
a right line, called a fundamental baſe, may be 
e ured either by a chain, a meaſuring pole, or 
a piece of log-line marked into feet ; generally 
aking, the longer this line is, the better: it's 
tuation muſt be ſuch, that the whole or moſt 
rt of the ſtation-flaves may be ſeen from both 
1 thereof; and it $ length a and Wen muſt, if 


| poſſible, 
* See Nicholſon's Narbe 8 Aſſiſtant, 


ESSAYS ON GEOMETRY, K . : 251 5 


4 


poſſible, be ſuch, that the bearing of any ſtation- 
ſtaff, taken from one of it's ends, may- differ at” 
leaſt ten degrees from the bearing of the ſame ſtaff 
taken from the other end; ſtarion-ſtaves _ vs” 
ſet at each end of the fundamental baſe, 5 
If a convenient right line cannot be had; two 
lines and the interjacegt angle may be meaſured; | 
and the diſtance of their extremes found by con- 
ſtruction, may be taken as the fundamental baſe. 
If the ſand meaſured has a ſenſible and gradual 
declivity, as from high-water mark to to en | 
then the length meaſured may be reduced to the 
horizontal diſtance (which is the proper diſtance) 
by making the perpendicular rife of the tide, one 
fide of a right-angled triangle, the diſtance meaſured 
along the fand the hypothenuſe, and from thence 
finding the other fide trigonometrically,- or by 
rotraction on paper; which will be the true 
length of the baſe-line. If the plane meaſured is 
on the dry land, and there is a ſenſible declivity 
there, the height of the deſcent muſt be taken by 
a ſpirit-level, or by a quadrant, and that winder the 
icular ſide of the triangle. | 
If, in a bay, one ſtrait line of a ſufficient; 
215 cannot be meaſured, let two or three lines, 
forming angles with each other, like the ſides of 
a polygon, be meaſured on the ſand along the cir- 
cuit of the bay: theſe angles carefully taken with 
a theodolet, and exactly y procnced or calculated, 
will give the ſtrait diſtance between the two 
fartheſt extremities of the firſt and laſt line. 
3. Find the bearing of the fundamental baſe 
by the compaſs, as accurately as poſſible, with 
Hadley's quadrant, or any other inſtrument equally 
exact; take the angles formed at one end of the 
baſe, | between the baſe line = lines drawn = 
4:7 


aft * : 
—— — — 6——— —— K—— — — — 
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cork of Pa. fr Aves; take 1 5 an- 


gles formed between the baſe line and lines drawn 
to every remarkable object near the ſhore, as 
houſes, trees, windmills, 'churches, &c. -which 


may be ſuppoſed uſeful as pilot-marks ; from the 
other end of the baſe, take the angles formed be- 


| tween the baſe and lines drawn to every one of 


the. ſtation ſtaves and objects; if any angle be 


ter than the are of the quadrant, meaſure it 
at twice, by taking the angular diſtance of ſome 


intermediate object from each extreme object; 
enter all theſe angles in a book as they are taken. 

4. Draw the fundamental baſe upon paper, 
from a ſcale, of equal parts, and from it's ends 
reſpectively draw unlimited lines, forming with 
it the angles taken in the ſurvey, and mark the 


extreme of each line with the letter of the ſtation 
to which it's angle correſponds. The interſection 


of every two lines whoſe extremes are marked with 


the ſame letter, will denote the ſituation of the 
ſtation or object, to which, in the rough draught 


that letter belongs; chrough or near all the points 


of interſection which repreſen ſtation- ſtaves, draw 


a - waving! "NE win A Newell. 50. Oe: che 


coaſt. dle 


At low water fail about: the * and 


| calle the ſoundings, obſerving whether the ground 
be rocky, ſandy, ſhelly, &c. Theſe, ſoundings 
may be er by ſoall numeral figures in the 


chart, by taking at the ſame time the bearings of 


two remarkable. objects ; in this excurſion, be 


—＋ lar in examining che ground off points of 
and which project out into the ſea, or where the 


water is remarkably ſmooth, without a viſible 
cauſe, or in the vicinity of ſmall iſlands, &c, 
obſerve the ſet and velocity of the ide of flood, 


by 
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by heaving the log while at anchor, and denote 
the ſame in the chart by ſmall darts. The time 
of high water is 108 by Roman numeral 
letters; rocks are denoted by ſmall croſſes; ſands 
by dotted ſhading, the figures upon which uſually 
— the depth at low water in feet; good an- 
choring places are marked by a ſmall anchor; 
upon coming near the ſnhore, care muſt be taken 
to examine and correct the outline of: the chart, 
by obſerving the infledtions, ene &c. more 
minutel : io eiten 

6. In a ſmall Giling. veſſel 89 out to ſea, od | 
take drawings of.the a > of the land; with 
it's bearings * into the harbour, obſerve the 
appearance of it's entrance, particular 
whether there be any falſe reſemblance of an = 
trance by which ſhips may be deceived into 
danger; remark the ſigns or objects, by attending 

to which, the harbour may be entered in ſafety; 
more eſpecially, where it can be done, let the ſhip 
ſteer to the anchoring place, keeping: two remark- 
able objects in one, or on a line. 

7. Coaſts are ſhaded off on the land ade: Masten 
churches, trees, &c. onſhore, are drawn ſmall 
in their proper figures; in a proper place af the 
chart, draw a mariner's compaſs, to denote the 
ſituation of the rhumbs, &c. and on one fide of the 
fleur de- lis, draw a faint half fleur-de-lis at the 
pon of north by compaſs; draw alſo a divided 

ale of miles; or leagues, which muſt be taken 


. the _ en (ole) as the mne 
nic he bavorn off won; f 

Charts or plate ae may nas Sts whch i in- 
dian ink, or the pen and common ink, and are as 
uſefpl as any others, but they are frequently done 
in water colours; for which purpoſe the beginner 
will derive more advantage from viewing a proper 


dr awing, 
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1 


drawing, or from overlooking a proficient at work, 
than from a multitude of written inſtructions. 
An example o illuſtrate the foregoing precepts. 


Let ABCDEFGH, fe. 11, plate 23, re- 
preſent a coaſt to be ſurveyed, and IK L, an ad- 


jacent iſland; it is required to make an accurate 
chart of the ſame. 


To make the actual obſervations on hare, 

By failing or walking along the ſhore, a rough 
Tketch is made, and ſtation ſtaves ſet up at the 
points of land, A, B, C,D, E, F, G, H, and alſo. 
at I, K, L, on the iſland, (precept 1.) During this 
operation, it is obſerved, that no proper place offers , 
itſelf at which a fundamental baſe can be drawn, 


ſo as to command at once a view of all the ſtations ; 
it will therefore be neceſſary to ſurvey the coaſt 


in two ſeparate parts, by making uſe of two baſe 
lines ; if the coaſt had been more extended, or ir- 
regular, a greater number of baſe lines might have 
been neceſſary. Between the points B and C, the 
ground is level, and a conſiderable number of the. 
ſouthermoſt points may be ſeen from both points, 
conformable to precept 2; make B C, therefore, 


the firſt fundamental baſe, it's length by admea- 


ſurement is found to be 812 fathoms, and it's 
bearing by compaſs from B to C, is N. 11 14 E. 
from each end of this baſe, meaſane with Hadley's 
quadrant the angles formed between it, and lines 
drawn to each ſtation in ſight, ( precept J- enter 
or tabulate them as follows. _. 

Firſt fundamental baſe B 3 $12 fathom, 
bearing of C from B, N. 110 14 E. 


Angle 


Eph 125 een 2365 


. ” * 
” « *E 
7 a * x 4 * 
4 | 4 0 „ 
%, 


An EA BCA t 150 FE! Angle ACB= 22 54 
1 'LBC= 85 oOo 'LCB= 71 02 
KBC= 5628] KC B= 91 40 
* 33721 E CB. 113 50 
BC= 13 30 De B 14530 


W having made theſe obſervations, it will 
be; requiſite to proceed to the northern part of the 
coaſt; in all caſes where a coaſt is ſurveyed in ſe- 
parate parts, it is beſt to meaſure a new funda- 
mental baſe for each part, when it can be conveni- 
ently done; a line from the ſtation E drawn to- 
wards F, is well adapted to our purpoſe: let E P, 
therefore, be the ſecond baſe line, it's length by | 
 adrreaſurement is found to be'778 fathoms, arid 
it's bearing by compaſs from E to P, N. 386 20' 
E. meaſure the angles formed by lines drawn from 
each end of this baſe, as before directed, and tabu- 

late them as follows. 
Second fundamental baſe RE. = 778. fathom, 
bearing of P, from E. N. N 20 E. 


i * 4 . 0 8 * 7 


Angle E R= 88 30 Angle H PE 73.90 
IEE =I IEE 3.54 
EP. 43 3 GP E= III eO 
Oy "FEP=27 51] FEAR 


It is ſufficiently appareiit, that the dhe 
between the two parts of this ſurvey, is preſerved 


by the ſecond fundamental baſe being drawn from 
the 


point E, whoſe ſituation was before determined 

- by obſervations from the firſtibaſe line; if this par- 

- ticular poſition of the ſecond baſe had not been 

convenient, -and it had been taken at a diſtance 

from every point determined in ſituation from "iſ 
| ſt 


EP; the poſition of I P with reſpect to th 
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firſt baſe, the connection would have required an 


_ obſervation of the bearing of one. of the ſaid points 


from each end of the ſecond baſe : thus, ſuppole 
the line IP to be the ſecond baſe line, inſtead of 


0 .0Nc given 
int E, may be known by raking the be 15 
E. from I and P. 


All the obſervations which are T6 Juired to be 


made on ſhore, being now completed, it will be 
adviſeable to conſtruct the chart, before we pro- 
ceed to the other obſervations on the water, for, 
by this method, an opportunity is offered of drau- 
ing the waving line of the coaſt with more correct- 


neſs, than could otherwiſe be obtained. 


GEOMETRICAL ConTSRUCTION, Fig. 12, Pluaa3. 


* 


nes , the diameters ns and we being at right 


angles to each other, and repreſenting the me- 


ridian and parallel; from n ſet off the arc n N, 


equal to the quantity of the variation of the com- 


paſs; draw the diameter N S, and the diameter 
WE at right angles to the ſame; theſe lines will 


repreſent the magnetic meridian, and i it's parallel 


of latitude. 

From the center B, draw the firſt baſe line 
BC = 812 fathoms, N. 119 14 E. by compaſs ; 
from one extremity B, draw the unlimited lines 
Ba, Bc, Bk, Be, Bd, forming reſpectively with 


the baſe, the angles obſerved from thence; from 


the other extremity C, draw the unlimited lines 
e Cd, forming reſpectively with 
the baſe, the angles obſerved from thence; the 
interſections of lines terminated by the ſame let- 
ter, will give the ſtations A, L, K, E, D. (pre 


a e 


5 Draw 


On the point B as a center, deſcribe the circle 


9 * a Soothe us, 3 * 
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Draw the line B 380 20' E. by compaſs, | 
and from E, draw EP ate fathoms in the ſame 


4 »4.% 
* 


tations H, . G, F Ager pt b 
Near the points A, B = 6, 11. 5 


a waving or irregular ring to "repreſent 2 1 cre 
draw alſo by the help of the points I, K, L, a line 


to repreſent the coaſls of the iſlandds. 

The chart being thus far delineated, it will be 
prope per to make the Woher rens, which are re- 
quired on the water. 


1 * 5 A ; 72 74 
To MAKE THE ACTUAL Onsznyarrons e ON. THR 
TN l 4 ct 4904 Ihe 


—4 


Precept 5. ſutdclentty explains the Buſineſs, to. 
which it is neceſſary to attend on the water; 
nothing more, therefore, need be added here, ex- 
cept an elucidation of the method, by the place 
at which any obſervation is made, may be found 
on the chart; the place of an obſerver may be 
determined by the bearings of two known obj jects; 
the intelligent practitioner will find reaſons for OC- 
cationally preferring each of theſe methods; but, 
as the diſtance in the ſecond method is known only 
by eſtimation, we have given the preference to the 
firſt, in the preſent example; all the ſoundings, &Cc. 
are ſuppoſed to be laid down by theſe methods, 
but, to prevent confuſion and prolixity, the lines 


of bearing are drawn only from * F M. N, 
and O. 


# 1 


From 


. 
. dies , PI N S n * 
. r 
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From the ſouthern extremity M, of the reef of 
rocks, which runs off the point L, the bearing of 
the ſtations C and D are taken by the compals, as 
follows, viz. C, N. 62*E. and B, N. 8 5 EHE. 
On the chart, therefore, from C, draw the op- 
.poſite rhumb B m, S. 62 W. and from C, parallel 
to the rhumb B R, draw the oppoſite rhumb Cm, 
S. 85 W. their interſection M, will be the ex- 
tremity of the reef of rocks. 
Again, from the ſand head N, the bearings of 
the ſtations L and K ate taken by compaſs, as 
follows, viz. L, N. 1% W. and K, N. 5 E. 
On the chart draw the rhumb Bn, N. 1% W. 
and from L, parallel to the ſame, draw the o 
poſite rhumb Ln; draw likewiſe the rhumb B I, 
N. 5 E. and from K, parallel to the ſame, draw 
the oppoſite rhumb Kn; the interſection of theſe 
two laſt lines will be the ſand head, and the ſitua- 
tion of the point of land O, which lies ſo that it 
cannot be ſeen from either of theſe baſe- lines, is 
determined in like manner from the bearings of L 
and K, though in practice it may have been more 
convenient to ſettle it's place from a ſingle bearing 
and diſtance of the ſtation A. 5 
The poſition of the compaſs is given from that 
of the circle NE S W, made uſe of in the con- 
ſtruction, and the ſcale of geographical miles is 
found from the conſideration, that 1021 fathoms 
make one geographical mile; take therefore 1021 
from the ſame ſcale of equal parts, as was uſed in 
laying down the fundamental baſes, and it will give 
one primary diviſion for the intended feale of miles. 
How to meaſure a ſtrait line on the ſurface of the ſeu. 
Firſt, prepare a meaſuring-line of ſtrong cord, 
two or three hundred yards in length, with ſmall 
Pieces of cork of equal thickneſs made faſt to it at 


ſmall 


* 


sus on crores, e. 369 
Wilt diſtinces, all along, TT IEP Elin get. fo. char | 
it may float ſtrait e on the furface of the water: if 
the line has been well ficetthed,, or much uſed be- | 
fore, it is the Xetter.; alſo: Prepare, two. pps 
ſomewHar longer than: the greateſt; depth of the 155 
water to be meaſured, with a pig of lead or iron 


ballaſt ( which we call 1 50 or 60, pounds 1 


weight, tied by the middle to one end of each rope, 
that Weben i at the Re it may be able to 
anchor a boat, and beat to be ſtretche ik With- 
out ſhifting the place c e anchor. Let the mea- 
ſuring-line be ade wet. ene y before 
you barks ro, uſe it, and then ſtretched on the water 
cloſe by tlie more, and it's length meaſured chere 
with 3 à pole. Then, 1 in the du Rien intended to be 5 
meaſured, take 1 two remarkable ſharp objects on the 
land in a line, one near the ſhore the other as far 
up in the Country as you gan: 7705 

had, Place. bucys on the v water at anf 5 diſtances = 
in that direct; "RFA NON Dope. + 

2. Take the objects or bugys, in line ne, and 
bolding one end ol the mealuring-line faſt on the 
ſhore, carry out the 100 Lin a Ben in that direc- 1 
tion, till it 1s bf 
one man int the boar, wy exactly at the end of the | 
line lex, another 155 dr . 2 which will 
hack, one leng ch of ite | 


5 adus ler be gps hers with wee on | the 10 
Bb 7 wn water | 


wy 


yy 


ch are not to be 
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water near the ſhore, as at firſt, and if the lengths 
differ, rake the mean between them for the true 
length. It is obvious, that to meaſure with any 
exactneſs this way, the ſea muſt not only be 
ſmooth, but void of a fwell, and of all ſtream of 
tide; either. of whieh will hinder the line to lie 
trait. This method of meaſuring a ſtrait line may 
be convenient on ſome occaſions; and if care is 
taken to keep the anchor: rope right up and down 
when the meaſuring-line is applied to it, will be 
found ſufficiently exact for many purpoſes, but not 
for a fundamental bafe-line from which other diſ- 
tances are to be deduced. 
There is another way of meafuring a > firait line, 
| mechanically, on the ſea, which ring well 9 0 
to feamen, that it is needleſs to deſcribe it 
ticularly here: and that is, by heaving the ths 
over a ſhip's ſtern while ſhe is dey fail, and ob- 
ſerving how many Knots of che log-line run out 
in half a minute; for the fine is ſo divided that the 
ſhip will run (or is ſuppoſed to run} ſo many miles 
in an hour, in a ſtrait courſe; and twice as much 
in two hours, and fo on. But this” concluſion is 
founded on three ſuppofitions, neither of which 
is certain, viz. That the log remains in the ſame 
place during the whole half minute that the line is 
running out from the ſhip's ſtern; that the ſkip 
continues to fail with the ſame veloci ity, © and alſo 
in the ſame direction, during an hour, or two, 
that ſhe did during the half minute: the contrary 
of which is more. likely in moft caſes. For the 
log-line may ſhrink, or ſtretch, while it is running 
cout; or may drag after the veſſel y the weight 
of the line, or by not running eaſily and readily 
off the rect! the ſwell of the ſea may Valter che py 


; ' 
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of: the” log; and currents or ebe of tide,” 

' ſtronger or weaker below the ſurface than at it, an 
unſteady helm, lee-way, and varying winds may 
change the direction, or celerity of the ſhip's mo- 

tion; for neither of which can any certain allow 
ance be made. This way, therefore, of meaſuring 
a ſtrait line, or diſtance, is not to be depended on 
as exact; but is mentioned here, becauſe rocks, 
ſhoals, or iſlands ſometimes lie ſo far from the 
coaſt, that there is no other way of forming any 
notion of their diſtance. If any ſuch diſtance is to 

| be meaſured after this manner, let the log-line be 

thoroughly wet when it is meaſured; let the 
length between each knot be 51 feet, which is the . 
hundred-and-twentieth part of a geometrical 
mile, as half a minute is x4zth part of an hour; 
chuſe neap-tide, as much ſlack * as can be got, 
and a moderate breeze of following wind ; let the 
line be run off the reel ſo as never to be ſtretched 
quite ſtrait; and if the half minute is meaſured by 
a watch that ſhews ſeconds, rather than by a glaſs, 
it will generally be more exact. Perhaps one 
ſecond ſhould he allowed for the loſs of time in 
calling out at the beginning, and ſtopping it at 
the end of the time; except the perſon who holds 
the watch can contrive to obſerve the going out of - 
the red rag at the beginning, and alſo to ſtop the 
line himſelf at the end of the time; which does 
not ſeem a difficult matter. 

To find the e of twvo. places, by the fab and 
repor / of a gun. 

Sound moves 1 142 Engliſh feet in one ſecond 
of time, or 6120 feet, which make a geographical 
mile in 54 nearly; therefore, let a gun be fired at 
one place at an appointed time, and: obſerve the 

"os * time 


* 


S 


report, 
imes 


time 
the 


many 


e, 


* 


* 


ſec 


and ſo 


- 


flaſh and 
ſo 
the pl 


onds as you obſerv 


lace; the 


fr 
1 * * 


f 


1itant 


; be e 


=» 


ou d 


A. 


pe 


2 0 
* 
fk * X 
has A — 
5 ae - £ 
— ts - 
* I 5 
« 1 * * 
— LS 2 « * 
— 2 x * 
. 5 . * e 98 
. — — 0 
* $2 
1 1 83 
5 = 14 + - % 
$8.0 8 3 
. i * 
, N - 4.8 
4 * * % & * 
8 * 9 . 
4 9 4 * dy + 
ves 8 2 
# — LY * > 
3 1 a 
- * . 1 
% b 1 * FY 
; a » * . 
4 * * , 
— 7 * N 
. * 
4 * 
4d | 2 3 
- w_ 
-» 
* 


* 
& 


diſta 


s . 
TI - _ 
. a "0 2 
: ; . wo 7" 
7 — — 1 
4 3 5. — 2 r 
* T Seas; 
q * 
, 3 * * 
| = D 5 
—— 
Ic +a 


| 


— 


F 


* 
8 
. 
$ ' 


* 
. 
* 


2 
* 


on ͤ account OL 


"ms - _ , 
0 58 VR * 
8 8 N 5 
— 8 e * ; 
« Py za Fe * 
oo = * F "ng "4 
ow & : — 
. » * wrt 
+ I W # * 
. — .2 1 — * 
2 WO * N FY 
© 80 1 
= — ] * 
* . p — : 3 
8 +. wt * ws 
—_ | 3 r 
2 : 
p ko * =S 
3 5.8 * 
2 ; 0 & 
A - 
* | * n - \ % 
* * 
4 * 
* 
* - 8 1 5 


4 


3 22 


* 
* + 6 
2 
. 
* *4 
* * 
8 * 
*: , 
» = 
4 * 
+ * 
, 
LES 2 
8 
* 
* * 
ED 
$4.4 
* 4. 
” 8 ** 
* 
— 
* 
6 
* 
* 
. 
—_ 5 
a 1 


= 
- 
— 
cw 
vr} 5 
— 
- 
— 
75 9 
* 
4 
a 
Lg 
* 
. 
* 
* 
« 
E . 
1 * 
* 
0 - 


N 
o 
£4342 
* 
OY 
$3 
< 
2 . 
* 
1 
4 ya - 5 
* 
re 


< lf 


. * 


* 
* 

oy 

7 
Sls, 
>. * 
mk * 
* 
"WS. 

Es 
1 
wo 
- 


# * 
— . 7 
4 ; 


2858 wee ON GEOMETRY, Vc _ 


55 by 
5 * N 


To TRANSFER A Ws bon ou ePaper 
as HA 10 ANOTHER. erte 


| | Mithed 1 1. eee 5 * — n 
the clean paper, on which you intend to draw the ly 
fair copy, preſs them clo together by wei ges, 
and keep chem as flat as poſfible : then ws 
pointrel or needle point, prick through all the - 
corners of the plan to be copied, ſeparate the 
papers, and join by lines the points on the clean 
paper. This method can only be uſed in plans, 
| / whole figures are ſmall, regular, and Rounded, by 
ſtrait lines 4 
- Method 2. By tracing paper. Rob the back of 35 
the n with black-lead powder, and havi 
3 the ſuperfluous lead, lay the black — 
part. upon the clean, paper, or place a ſheet of 
black tracing paper betyeen che rough plan and 
te clean paper; weights are to be placed as in 
the former methad, to eee the en in _ 
ſame poſition. © 
Then with a blunt p point of bak ſteel, or ivory, 
trace exactly the lines of the plan, preſſing the 
paper ſo much, that the black lead under the lines 
may be transferred to the clean paper; when the 
whole.of the plan has been thus delineated, go 
F the black. lead marks with comman or ——_— e 
Method: B res. See 5 6 i = 
. Mad g Lee IT 35 Page on 
ſquare or rectangular piece of looking glaſs, fixed 
in a frame of wood, which can be raiſed to any 
angle like a-deſk, the lower end reſting upon the 
| rable;aſcreen of blue paper fits to the upper edge, 
and fangs at right angles to it. 
* + 34-30 
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Place this frame at a convenient angle againſt a 
ſtrong light; fix the old plan and Clean paper 
firmly together by pins, the clean paper upper- 
moſt, and on the face of the plan to be copied; 
lay them with the back of the old plan next the 
glaſs, namely, that part Which you intend to cop 
firſt. + The light through the glaſs will enable you 
to perceive diſtinctly every line of the plan upon 
the clean paper, and you caf eaſily trace over them 
hen pen and having finiſhed that part which 
covers the glaſs, flide another part over it, and 
copy this, and thus continue till the whole be 
copied. n 1 n =, 55 I 6 A FEE. | 
Method 5. By the aſſiſtance of proportionable and 
. Iriangular compaſſes. Theſe will in many inſtances 
| aſſiſt the draftsman' very much, and leſſen the la- 

i /// ᷑ ̃ H ͤ WT RD 
MMetbod 6. By the pamtographer. There is no 
method ſo eaſy, ſo expeditious, nor even > accu- 
rate as the pantographer. It is an inſtrument as 
uſeful to the experienced draſtsman, as to thoſe 

Who have made but little progreſs in the art. It 
ſaves a great deal of time, either in reducing, en- 
larging, or copying of the ſame ſize, giving the 
outlines of any drawing, however crookèd or com- 

plex, with the utmoſt exactneſs; nor is it confined 
to any particular kind, but may with equal facility 
be uſed for copying figures, plans, ſea-charts, 
maps, profiles, landſcapes, ce. 
. DescripTION AND USE or THE PANTOGRAPHER. 

I have. not been able to aſcertain who was the 
inventor of this uſeful inſtrument. - The earlieſt 
account I find is that of the Fe/uit Scheiner, about 

the year 1631, in a ſmall tract entitled Pariogra+ 

Ppbice, ive ars nova delineandi. The principles are 

elf - evident to every geometrician; the mechanica 
VVV conſtruction 


* 
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| "coiſihuſtion "was firſt Fps h and brought to 
_ it's - preſent" ſtate of perfection by wv "FATHER, 
about the year 1759. It is one, among many 
other ſcientific im oh ne ey and inventions com. 
pleated by him, that orhers have inglorioufly, and 8 
many years aſter, aſſumed to themſelves. © i 
71 "The pantographer is uſually made of wood, * „„ 
braſs, and conſiſts of four flat rules, fig. . 
25, two of them long, and two en Thebes i 27 
eſt are joined at th e end A „by a double pivot, „ 
which is fixed to one of the rules, and works in 
two ſmall holes placed at the end of che other. 
Under the joint is an ivory. caſtor, to ſupport this 
end of the inftrument. ' The two ſmaller rules are 
fixed by pivots at E and H, near the middle o yſ |} 
the larger eps and are alſo. ned e ue... +. 
their other end, G y .: + 
By the conſtruQion. of * inſtrument, che * 
rules always form a ee There is a 
Niding box on the. longer arm, and another r Y 
_ . ſhorter arm. Theſe boxes may be fixed . 
of the rules by means of rg milled nuts; 5 
each of theſe boxes are furniſhed with a cylindric — 
tube, to carry ma the N ann „ 
or fulcrum. 0 
The fulcrum ar. ſupport K, is a leaden weight 
incloſed. in a mahoga 2 box, on this the inſtru- 
ment moves when in uſe; there are two moveable 
rollers, to ſupport. and facilitate the motions of the 
pantographer, their ſituation mage be varied . h 
caſion aa „ 
Ihe gradpations are placed on two. * ths, 1 by 
on each of them are two ſcales, the fiducial edges , 
of the boxes are to be ſet to theſe, according tos 
the work to be performed by the inſtrument. ' © 7 
The crayon, the tracer, and fulerum, muſt in 
5 all cafes be in a by line, ſo that when they are 


x 1 B b4 Fo: ſet, 


* 
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ſet, if a. ftrin be ſtretached over them, - and they 


d 0 not coinci 
4a ſetting or graduations. ts 4 
The long tube which carries the doll 9: 


Crayon, . moves eaſily up or down another — 5 


there is a ſtring. affixed 10 rhe.long or inner tube, 
paſſing afterwards through the holeg in the three 
' «afmall knobs to the tracing. point, Where it may, 

af neceſſary, be faſtened. By pulling this ſtring, 


the pencil is lifred up occaſional ly. and thus pre- 


| vented, fram TIS BY or ert marks up: ; 


va the, COPY- 


* 
1 
4 $4 9 1 * l 


TO BE OF TH. SAME Size s THE o. 


NP 


Place the inſtrutneht upon a large table, 10 | 


ſet the "ſliding boxes B and B, to the diviſions 
marked 12. Put the crayon into the box B, place 
the box P upon the fulcrum or leaden foot; the 
tracing point at C. Then lay a piece of paper 
under the crayon, and the ori ginal drawing under 
the tracer, and move the Fading point over, the 


principal ſtrokes of the original, and the crayon - 


will form the required copy. 


To reduce à drawing, c. to half the ſize of theorigi- 
nal. Set the boxes BandD, to the diviſions marked 


z, place the fulcrum at B, the Eran at D, * 


the tracer at C. 

To reduce 4 drawing, 05 to leſs than 
original.” Suppoſe 4, I, 3, Kt. Place” tht fu 

crum at B, crayon at D, and tracer r #t C, and ſlide 

: the, boxes, i and D, to the diviſions marked 1. 
'S 75 5 ile 1 Halen. 1 


a * I of * 1 
„ * þ # F , 4 * : / p 
? A » 2 as „ * A 3 F 
. * A 25 4 * » 


. F — 


1 W be proper to ebene NEE that if the copy is to 


be leſs. than 4 the original, or when it is 2 has greatey 
than the original, the longer (cales are to be uſed, -. 


24 >. 


with it, there is an nes ider in 1 


e 


W vsz Tus» hepa WHEN: 10 F. r 1 
RI 
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Pr greater than 4 the original drawing. Su ppoſe _ 
it be: tequifed to make 2 2 * ng; J, 4, 4, XS. 


as 4, 2, f, &. on the fhorter Feales, place the ful. 
crum at D. the crayon-atiB;and tracer at C. 
When the original drawing i is 10 be enlarged. Sup- 


the longer fealts; place the ſulc um 2 D* the 
crayon. at C, and tracer at B. 1 


N bere the copy. is required. — fro Al frm 
tze fractional paris Id down on the. inſtrument. 


6d from 10 to 80, the r from 50 to 100. 
| at P. 


he boxes B and D, to correſponding diviſions 
between 50 and 100 the falerum at B, wb 


To change the ſituation of the e | 


Copy firſt as much as the pantographer will 
take in ; then make three points on the original, 
and as many correſponding points on the copy. 


Then remove the fulcrum. to denen ſituation, 


but ſo, that When the tracing point is applicd to | 


| the three, points marked on the original, 


crayon may exactly coincide with the other three 
points on the copy, and proceed as before ; ang 
to on for every change in the ſitustion of your 


n and by this means a pemtographer of 
23 ſeet in 9 mes copy 4 Oy oo Dy ow 
ph 


W "he 


off 1 
- x - A - : „ * 7 J * 4 
: r MY, 2 4% 1% 1 : . * ; * TEE. 
f B ; . „ Va8 . 1 } 14d ADP . 
"> % x 4 #5 ; nd +> 4 ! 
% | | ; 
R 1 * 7 " \ N n 
, , 4 — P 
B 9 
F * ” > a p 
4 . 
, 4 


Set the boxes B and D, to correſ ponding 9 


| pou J, *, & c. A boxes B and D, to j, % Me. - 


For this purpoſe there are two ſcales laid toon, © : 
containing 100 unequal: Jute one ſcale number- 
F the copy is io be under I the original ſize, line a 
the boxes B and P, to any two correſponding 
diviſions vader 50. the fulcrum *. B, and ee 


File copy. is to be larger ths 4 the origin, place 


ene at D. "WM 


„ 


— 


. 


% 
* 
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* 
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4 
The e of funding a proper hae for 
a water, occurs ſo bo to the ſurveyor, 
that any work on that ſubject which neglected to 


treat on the art of levelling, would be manifeſtly 
amperfect ; I ſhall therefore endeavour to give the 


res a ſatisfactory account of the inſtruments 
arſed, and the mode of uſing them. 


A DrscRIPTION OF THE BEST Seikir LæVEI. 8 


Fig 3, Plale 17, repreſents one of the beſt ſpirit | 
levels, mounted on a beſt ſtall, fimilar 0 1 18 
affixed to a theodolet. 

Ihe teleſcope is moveable, either in he plane 
af the horizon, or with a ſmall inclination there- 
to; ſo as to cut any object whoſe elevation, or 
depreſſion, from 'that plane, does not exceed 12 
degrees; the teleſcope is about 2 feet long, is 
furniſhed with croſs wires for determining the. 
axis of the tube, and forming a juſt line of fight. 

The tube cc with the ſpirit buble, is fixed to 
the teleſcope by a joint at one end, and a cap- 
ſtaned head at ſcrew at the other, to raiſe or depreſi 
it, for the adjuſtment. The ſupporters on which 
the teleſcope is placed, are nearly in the ſhape of 
the letter Y, the inner ſides of the Y's are "ks 
_ gents to the cylindric ring of the releſcope. The 
lower end of theſe ſupporters are let perpendicu- 
larly into a ſtrong bar; to the lower end of the 
ſupport A, is a milled nut, to bring the in- 
ſtrument accurately to a level; between the two 
ſupports is a compaſs box, divided into 4 ninetiey. 
with a magnetical needle, and a contrivance to 
throw the needle off the ener when it is not 


uſed, 


4 „ 


belonging to the beſt theodolet. + 

Two ſtaves often accompany this a e 
they are called ſtation ſtaves, they conſiſt of two 
| 52 each part is about five feet 10 inches lon 


that e they are pulled out to their gresteſb 1 


extent, they form a ten feet rod; and every foot 
is divided | into 100 equal parts. To each of theſe 


ſaves there is a ſliding: vane. with a braſs wire 


acroſs à little hole made in the vane; when this 
wire coincides with the horizontal wire of the 


teleſcope, it ſnews the height of the apparent level 


above the ground at that placſde. 
It is evident from the nature of this in en 


chat two adjuſtments are neceſſary. 1. To place 
the interaction of the wires in the teleſcope, ſo. 

that it ſhall coincide with the Axis of the gylindri- 
cal rings on which the teleſcope turns. 2. To 


render the level parallel to this axis. Theſe adjuſt- 
ments are performed in a manner Ow eta 
to thoſe of the a N „ 


e 
* 92 1 7 


1 Or LEVELLING. W 
| Levelling i is the art which inſtrucds u us in aeg 


W 4 higher or lower any given point n! 
the furface of the earth is, than another given 
point on the ſame ſurface; or in other words, the 


difference in W 8 Aintenos from the center of my 


earth. % 55 2 5, 
Thoſe 991 are id: to he level, 1 are | 
equi-diſtanc from the center of the carth:: The 


art of levelling conſiſts therefore: Iſt, In finding 


and marking two, or more level points that ſhall 
be in the: circumference of a circle, whoſe center 


is that of the earth. 2dly, In comparing the points 


thus found, with other Oe in order to aſcer- 


tain 


rss o 6:0xtray, &e. 979. | 
pſed, the ſtaff is the ſame in every reſpect as . 
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tain the difference in their diſtances from the 
earth's center. 

Let jg. 1, plate 23, repreſent the tar. A; it's 
center; the points B, C, D. E, F, upon the circum- 
ference thereof are level, becauſe they are equally 
diſtant from the center; fuch are the en of 
The ſea, lakes, &. 

To know how much higher che poit B, fe. " 
plate 23, is than C, and C lower than D. We 

muſt find and mark the level points, E, F, 9 + 
upon the radii AB, AC, AD, thereby compar- 
ing B with E, C with. F, and D with G; we ſhall 
diſcover how much B is nearer the circumference 
of the circle than C, and conſequently how much 
further from the center of me Farth, and ſo pf on 
a other Points. 


Or THE DIFFERENT Mernops or MARKING 
| or THE Lever PolxTs. | 


The firſt, Which is the moſt ſimple and inde- 


pendent, is by the tangent of a circle, for the two 


extremities of the tangent gige the true level 
points, when the point of contact is preciſely in 
the middle of the line. But if the point of con- 
zaQ with the circumfe rence be at one of the extre- 
mities of the line, or in any other part except the 
middle, it will then only ſhew the apparent level, 
as one of it's extremities is further trom the cir- 
cumference than the other. Thus the tangent 
BC, fig. 3. plate 23, marks out two true Jevel 
ints at B and C, becauſe the point of contact 
D, is exactly in the middle of the line, B C, and 
it's two extremities are equally diſtant from the 
circumference and the center A. 
But the tangent BC, fg. 7, plate 23. marks 
do ; Shak of apparent level, becauſe the point D, 
| where 


% 
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where it touches the circumference, i is not the 
middle of the line: and therefore one of it's ex- | 
tremities, B, is nearer to the center than the 
other D; D is further from the center in propor- 
tion as it is mose diſtant from the point of con- 
rat B; which conſtitutes che difierence between 
the true and apparent level, of which we ſhalt 
fpeak., preſently ; eyery point of the apparent 


level, except the deim of conunet, is higher than 
the true level. 


As the tangent te & cixdle is perpendicular to 
the, radius, we may make uſe of the radius to de- 
termine the tangent, 25 thus mark the level 
points. Thus let A, g. 57, plate, 23. repreſent 
the center of the earth, / 'B the radius, and C, B. 
D, the tangent; the two extremities, C. D., are 
equally. .di iſtant from the point of comact B, can 
ſequently the angles BCA, B DA, will be qual: : 
the angles at the tangent point axe right angles, S 
and the, xadius Common to both triangſes, and the 
ſides CA, A, are equal, and the points C. 
are two level ints, ; becauſe, equally lden N98 
the center. 03-L9 | 

Ir is evident 3 this, that if em n 
of the radius two lines be drawn, one on each ſide, 
making equal angles with it, and being of anequid 
length, the extreme points of theſe lines will be 
leyel points, Thus, if from B, of . radius BA, 
two equal lines BD, C D, g. 6. plate ag. be 
drawn, making equal angles, C BA, DB A, then. 
will C, and D, be equally diſtant Som the center: 
though the level may be obtained by theſe oblique 
lines, yet it is far eaſier to obtain i it by a line per» 
pendicular to the radius. 

When the level line is perpendicular to the . 

| =, and touches it at one af it's extremes, the =—_ 
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other extremity will mark the appabent level, and 


the true level is found by knowing how much the 
| en one exceeds it in height. 


To find the height of the apparent r the 


true level for a certain diſtance, ſquare that diſ. 


rance, and then divide the product by the diame- 
ter of the earth, and the quotient will be the re- 


quired difference; it follows clearly, that the heights 
of the apparent level at different diſtances, are ag 


the ſquares of thoſe diſtances, and conſequently g 


that the difference is ofthe tn or ſmaller,” in pro- 
rtion to the extent of the line, for the extremity 


of this line ſeparates more from the circumference 
of the circle, in Proportion as it recedes from the | 


point of contact. Thus let A, fg. 7, plate 23, be 
the center of the earth, BC the are -which marks 
the true level, and B, E, D, the tangent that marks 
the a pparent level; it is evident, that the ſecant 


A D, exceeds the radius AB, by CD, which is 


the difference between the apparent and true level; 
and it is equally evident, that if the line extended 


no further than E. this difference would not be ſo 
great as when it is extended to D, and that it in- 


creafes as the line is lengthened. 

When the diſtance does not Seded 2 77 wards 
the difference between the two levels may be 
negleded but if it be 30, 100, & C. yards, then 


the error reſulting fond the difference wil be- 


| er EEE and . to be notiecd. 
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" Which ſhews the quantity of LINE. We . 


the e rk in 1 for Fry ROT = 


-. 
6 3 oh 


The frft "method of Hnding pol make to 
Mel Points, is by a tangent whoſe point of con- 
tact is exactly in the middle of the level line; 5 
this method may be practiſed without regardi 
the difference between the apparent and true ever RS 
but to be uſed with ſucceſs, it would be well to _ 
place your inſtiument as often, as pollible at an . 
equal diſtance from the ſtations; for it is clear; 4 
that if from one and the ſame ſtation, the inſtru- : 
ment remaining at the ſame height, and uſed in 
de ſame manner, two or more points Kh abs, be 

| | : blerved, 
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obſerved, equally diſtant from the eye of the ob 
ſeryer, they will alſo be e 10 the cen- 
ter of the earth. + 
Thus let ce ianbument; . $ plate zz, he placed 
at eq ual diſtances from C, D; E, F, the Lwopoints 
of fi fight marked upon the ſtation ſtaves C . 
| DH will be the 355 points, and the difference 
11 the height of the points E, F, will neu how 
much one place is higher than the cher! 417.64; 
Second mes bad. This conſiſts in {levelling | from 
obe point immediately to another, placing the in- 
ſtrument at the ſtations vhere the ſtaves Ware fix 
ed. This may alſo be performed without noticing 
the difference between the true and apparent 
level; but then it requires a- double levelling, 
made from the firſt to the ſecond Ae hem 
reciprocally from the ſecond to the firſt. 
Ihus let the two ſtations be B, E, fig. 9; plat 
„the ſtations ſtaves 'C B, DE, (which-in' the 
practicd of lebelling may be conſidered as parts of 
the radii, AB, A E, though they be really two 
perpendiculars parallel to each other, without the 
riſk of any error.) In order to level by this 
method, plant the inſtrument at B, let the height 
of the eye, at. the firſt obſervation, be at F, and 
the point of bo ht found be G; then remove the 
inſtrument to E, and fix it ſo chat the eye may be 
at G; then if ths line of fight cuts F, the points 
F and G are level, being equally diſtant from the 
center of the earth, as is evident from the figure. 
But if the fituation of the. two ſtations be ſuch, 
that the height of the eye at the ſecond tation 
could not be mage to coincide with G, but only 
with H, fg. 10, plate 23; yet if the line of ſight 
gives I as far diſtant from Fas G is from I, the 
two lines FG, HI, will be parallel, and their 
TL extremities 


/ 
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extremities level points but if that is not the 
caſe, the lines of ſight are not parallel, and do 


not give level points, which however might till 
be obtained by further obſervations; but as this 
mode is not practiſed, we need not dwell further 
upon it. 

The velocity of running water is proportional 
to the fall; where the fall is only 3 or 4 inches in 
a mile, the velocity is very ſmall; ſome cuts have 


been made with a fall from 4 to 6 inches; a four 


inch fall in a ſtrait line, is ſaid to anſwer as well 
as one of 6 inches with many windings. 

The diſtance from the teleſcope to the ſtaff 
ſhould not, if poſſible, exceed 100 yards, or five 
chains} but 50 or 60 yards are to be preferred. 


Or THE PRACTICE or LEVELLING. 


1ſt. Of ſimple Levelling. 


We term that ſimple levelling, when the level 
points are determined from one ſtation, whether 
the level be fixed at one of the points or between 
them. 

Thus let A, B, . 1, plate 24, be he ſtation 

points of the level, GC D, the two points aſcer- 
tained, and let the height 

| Feet Inches. 

JJV 0:;.0 

from B to Dbe 9g o 0 


their difference is 3 © © 
ſhewing that B is three feet lower 
than A. | 

In this example, the ſtation points of the level 
are below the line of ſight and level points, as 1s 
8 the caſe; but if they were above, as in 
hg. 2 2, Plate 24, and the diſtance of A to C be ſix 
Cc feet, 


SHOTS EEE l.. 
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feet, and from B to D 9 feet, the difference will 
be ſtill 3 feet, which B is bigher than A. 


2d. Of compound Leveling. 


Compound levelling. is nothing more than a 
colletion of many ſingle or ſimple operations, 
compared together. To render this ſubject clear- 
er, we ſhall ſuppoſe, that for a particitlar purpoſe, 
it were neceſſary to know the difference in the 
level of the two points A and N, fig. 3, plate 26; 
A, on the river Zome, N, on the river Belann. 

As I could find no ſatisfactory examples in any 
Engliſh writer that 1 was acquainted with, and 
not being myſelf in the habits of making actual 
ſurveys, or conducting water from one place to 
another, I was under the neceſſity of uſing thoſe 
given by Mr. Le Febvre. 

Stakes ſhould be driven down at Aand N, ex- 
actly level with the ſurſace of the water, and theſe 
ſhould be ſo fixed, that they may not be changed 
until the whole operation is finiſhed ; the ground 


between the two rivers ſhould then be f urveyed, and 


a plan thereof made, which will greatly aſſiſt the 


operator in the conducting of his buſineſs; by this 
he will diſcover that the ſhorteſt way from A to 


N, is by the dotted line AC, GH, HN, and he 
will from hence alſo determine the neceſſary 
number of ſtations, and diſtribute them properly; 
ſome longer than the other, according to the na- 
ture of the caſe and the fituation of, the ground. 
In this inſtance 12 ſtat ions are uſed; ſtakes, ſhould 
then be driven at the limits of each ſation, as at 
A, B, C, D, E, F, &c. they ſhould be driven 
about Is inches into the ground, and be about 2 
or 3 inches above it s ſurface; ſtakes ſhould allo 


be 


my r 
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be driven at each ſtation of a inſtrument, as at 
11 2; ee 

Things being thus prepared, he may begin his 
work; the firſt ſtation will be at 1, equidiſtant 
from the two limits A, B, the diſtance from A to 
B, 166 yards ; and conſequently; the diſtance on 
each ſide of the inſtrument, or from the ſtation 
ſtake, will be 83 yards. 

Write down in the firſt column, the firſt nit 
A: inthe2d, the number of feet, inches, and tenths, 
the points of fight, indicated on the ſtation ſtaff at 
A, namely, 5.6.0. In the third column, the ſecond 
limit B; in the 4th, the height indicated at the 
ſtation ſtaff B, namely, 6. o. o. Laſtly, in the 
fifth column, the diſtance from one ſtation ſtaff to 
the other, in this inſtance 166 yards. . 

Now remove the level to the point marked 2, 
which is in the middle between B and C, the two 
places where the ſtation ſtaves are to be held, ob- 
ſerving that B, which was the ſecond limit in the 
former operation, is the firſt in this; then write 
down the obſerved heights as before, in the 1ſt 
column B; in the 2d, 4. 6. o; in the third, C; in 
the 4th, 5. 6. 2. in the th, 560, the diſtance 
bas B and C. | 

As from the inequality of the ground at the 
third ſtation, it is not poſſible to place the inſtru. 
ment in the middle between the two ſtation ſtaves; 
find the moſt convenient point for your ſtation, as 
at 3; then meaſure exactly how far this is from 
each ſtation ſtaff, and you will find from 3 to C, 
I60 yards ; from 3 to D, 80 yards: the remainder 
of the operations will be as in the preceding ſtation. 

In the fourth operation, it will be neceſſary to 
fix the ſtation, ſo as to compenſate for any error 
that might ariſe from the inequality of the laſt ; 
therefore, mark out 80 yards from the ſtation aff 

Cc | D, 


/ 
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D, to the point 4; and 260 yittls from'4'to E; and 
this muſt be ach. arched 15 ht s by ſuch 


|: cilitared, 


maining ara as-in the four zrfiier,” obſerving 
to enter every thing in it's re decide column; 
when the whole is finiſhed, add the ſums of each 
column together, and then ſubtract the leſs from 
the greater, thus from 82: 2:5, take 76:9: 7, and 


the remainder 5 : 4 8, is what tha aides ar Ni is 
lower than the ground; at A. A en 19 
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Or rus ProFILE or THE Level, 


The next thing to be obtained is a ſection of 
this level ; for this purpoſe draw a dotted line, as 


OO, 
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o o, fig. 4, plate 24, either above or below the 
plan, which line may be taken for the level or 
horizontal line; then let fall perpendiculars upon 
this line from. All. the ſtation points and places, 
where the ſtation ſtaves were fixed, 
Beginning at A, ſer off ) feet 6 inches upon 


2 


this line, from A to a ; for the height of the level 
Doin ones on the ſtaff at this place, draw a 
line through a,, parallel to the dotted line o o, 
which will cut the third perpendicular at b, the 
2nd ſtation ſtaff; ſet off from this point down- 
wards 6 feet to B, which ſhews the ſecond limit 
of the firſt operation, and that the ground at B, is 
1 foot 6 inches higher than at A; place your in- 
ſtrument between theſe two lines at the height of 
the level line, and trace the ground according to 
it's different heights. Te „ 
Nov ſet off on the ſecond ſtation ſtaff B, 4 feet 
6 inches to C, the height determined by the level 
at the ſecond ſtation; and from c, draw a line pa- 
rallel to o o, which will cut the fifth perpendicular 
at d, the 3d ſtation ſtaff from this point ſet off 
5 feet; 6 inches #; downwards to C, which will be 
our ſecond limit with reſpe& to the preceding one, 
and the third with reſpect to the farit ; then draw 
your inſtrument in the middle between B and C, 
and delineate the ground with it's different ine- 
ualities. Proceed in the ſame manner from ſta- 
tion to ſtation to the laſt N, and you will have the 
-profile of the ground, over which the level was 
taken. . | e 
To trace more particularly the proſile of each fal ion. 
It is neceſſary to obſerve in this 2 that if 
the object of the operation be only to know the re- 
ciprocal height of the two extreme terms, as in the 
preceding example, then the method there laid 
C3 down 
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down for the profile or ſection, will be ſufficient; 
but if it be neceſſary to have an exact detail of the 
ground between the ſaid limits, the foregoing me- 
thod is too general; we ſhall, therefore, inſtitute. 
anotherexample, in which we ſhall ſuppoſe the level 
| tc have been taken from A to N, by another route, 
but on more uniform ground, and leſs elevated 
above the level of the two rivers, in order to form 
a canal, marked O, P, Q, R, S, T, U, X, V, fora 
communication from one river to the other. 
Drau at pleaſure a line Z Y, Ig. 5, plate 24, to 
repreſent the level line and regulate the reſt; then 
let fall on this line, perpendiculars to repreſent the 
ſtaves at the limits of each ſtation, taking care 
that they be fixed accurately at their reſpeQive diſ- 
tances from each other. by Fo; the” 
As the difference between the extreme limits 
ought to be the ſame as in the former example, is 
5 feet 4 inches 8, ſet off this meaſure upon the 
perpendicular at o the firſt limit, and from o, pro- 
ſonging the perpendicular, mark off at a, the height 
determined at the firſt ſtation ſtaff, as in the pre- 
ceding example; then do the ſame with the ad and 
zd, and ſo on with the following, till this part of 
the work is finiſhed; there then remains only to 
delineate in detail, the ground between the ſta- 
tion ſtaves; the diſtances are aſſumed larger in this 
inſtance on account of the detail. 5 1 81 
To get the ſection of the ground between O and 
P, place your inſtrument at one of the limits as P, 
fixing it ſo, that the croſs hairs may anſwer 
to the point b; then look towards the firſt 
limit o, raiſing or depreſſing the vane, till it coin- 
cides with the interſection of the croſs hairs, and the 
line of ſight, from one point to the other, will 
mark the level or horizontal line. | "EIS 
3 wed | Now 


* 


* 
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| Now to ſet off the height of the brink of the 
river above the firſt" limit, drive a ſtake down 
_ cloſe to the ground at a, upon which place your. 
Ration ſtaff, and obf rve at what height the hairs 
interſect the” Vane, it will be at 4 10; then laying 
off upon the Une oz, the diſtance from the fir 
term to the firſt ſtake, from whence let fall a per- 
pendicular, Andi fer off thereon 4 10 to a, which 
ives the height at the firft. ſtake, or which is the 
ame, the height from the edge of the river above 
the ſurface of che R as is plain from the ſec- 
tion. 
Drive a ſecond ſtake at $40" a line Dirwecn 
the limits ; place the ſtation ſtaff upon this ſtake, 
and obſerve the Reight 4. 6. interſected by the 
croſs hairs, the eee {till remaining in the 
ſame ſituation; ſet off on the level line the diſtance 
from the firſt ſtake a to the ſecond 4, and then let 
fall a perpendicular, and mark upon it 4. 6. to b, 
which gives us the height of the ground at this 
lace. s 
| , To mark out the ſmall hollow c, drive down a 
third ſtake, even with the ground, in the middle 
of it at c ; but as before in the ſtation line, mark 
upon the level line the exact diſtance from the 
ſecond ſtake, 65 to the third c; then let fall a 
perpendicular from c, and ſet off thereon 6:8: 0 
pointed out by the croſs hairs on the ſtaff, which 
determines the depth of the hollow, as may be 
ſeen by the ſection. 
With reſpect to the ground between each ſtake, 
as the diſtances are now very ſhort, it will be 
eaſily expreſſed by the operator, whoſe judgment 
will feitle the ſmall inequalities by a compariſon 
with thoſe already aſcertained. 

Proceed- thus with the other ſtations, until you 

E arrive 
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arrive at the laſt, and you will obtain an accurate 

ſection in detail of your work; by ſuch a ſec- 
tion, it is eaſy 19 form a juſteſtimation of the land 
to be dug away, in order to farm the canal, by ad- 
ding thereto the depth to be given to the canal. 

Anol ber example of compound levelling. 

In the levelling Exhibited.” in piatè 25, we have 
an example taken where che kiruttion was ſo ſteep 
and ,mountainous, that it was impoſſible to place 
the ſtaves at equal diſtances from the inſtrument, 
or even to make a reciprocal levelling from one 
ſtation to another. 

Such is the caſe between the firſt point A, taken 
from the ſurface of a-piece of water, which falls 
from the mountains, and the laſt point K at the 
bottom of a baſon, here it is propoſed to make 
a fountain, and the height! is required, at which a 
Jet. d' eau w will play. by conducting the water from 
ahe reſeryoir A, to the point K of the baſon, by 
al 8 RT Aa s properly l made, ald diſpoſed with 

| the'uſua Precaltion. - rt 907 vol 

| Fram the manner in which. the operator muſt 
roc ed in this inſtance, it is evident, that the 
inſtrument. ſhould be adjuſted with more than or- 
eee care, as the true diſtance! rom one moun- 
tain, to, the, other cannot be attaided without 

much, trouble,” LY cn MITRE > 
ce height is here ſo great, that it will be ne- 


9 


ſlary to go by ſmall aſcents from A to D, and 


* will probably be commodious in ſome part of 


the work to uſe a ſmaller inſtrument; underneath 
* a table of the different level points as aſcertained, 
y hich, with the profile and plan, render this part 
of the work ſufficiently clear, without further ex- 
plication. . 
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810 Only, two. Jevellings 3 are made here derten A | 
and D, though it is evident from the plan, that 
more would have been neceſſary; but as our deſign 
is only to ſnew the manner of proceeding in this 
particular caſe, and as more would have confuſed 
the plan and ſection, they are here neglected.  - 
In the fourth, the height found was 16.8. but 
as the diſtance 360 yards was conſiderable, it was 
neceſſary to reduce the apparent level to the true 
one; the ſame was alſo done in all other caſes, 
where it was neceſſary ; at the laſt limit, we firſt 
ges the hei - from N to o, then from o to I, then 
from I to K, which added together, and then cor- 
rected for the curvature, gives 47. 3. o. Now by 
adding each column together, and then oor” 
ting one from the other, we obtain 531 feet 
ches for the height, which the point A is a = 5 
the bottom of the baſon, and which will cauſe the 
Jet d'cau to riſe about 45 feet. oy 
e 
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FT be general ſection of this operation is delineated 
under the plan at fig. 2, and is ſufficiently plain from 
what has been already ſaid in the preceding in- 
ſtances. But an exact profile of the mountain is 
not ſo eaſy, as it would require many operations, 
as may be ſeen in the ſection; ſome of theſe might 
however be obtained, by meaſuring from the level 


line already — without wing the in- 


ſtrument, as at fig. 
, Example 3. Fs oy plate 26; Mr. Le ebene 


gives us is that of a river, being one part of the 


river Haynox, from Lignebrut to Villeburg, and 
the mode he obſerved in taking this level. 


The firſt operation was that of having ſtakes 
driven at ſeveral parts of the river, even with the 


water's edge; the firſt ſtake A, a little above the 


mills at Lignebruk, ſhews the! upper water-mark, 
when the water is higheſt, and is our firſt limit; 
the ſtake 5 ſhews/ the low water- mark at the lame 


mills, the ſtake B is the ſecond limit. 


The ſtakes C and D above and ns the wills 
of Mazurance, ſhew the height of: the waters 


when at the higheſt and loweſt, and their dif- 


ference; theſe ſtakes form our thitd and fourth 


limits. Laſtly, the ſtakes at E and F, above and 


below the mills at Villelourg, mark ag before the 


difference between the higheſt and loweſt ſtations 


of the water, and are alſo the lat ñimits of the | 


operation. | i 1936 / 211-61 
Particular care was taken, Ub the marks ſhould 


all be made exactly even with the edge of the 


water, and they were all made at the different 
parts of the river, as nearly as poſſible at the ſame 
inſtant of time. 

The principal limits of the levelling beine now 
. determined and fixed, it only remains to bind _y 
2 eve 
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level between the limits, according to the methods 
already pointed out, uſing every advantage that. 
may contribute to the ſucceſs of the work, and at 
the ſame time avoiding all obſtacles and difficul 
ties that might retard or injure the operations. 
The firſt rule is always to take the ſhorteſt Poſe. 
ſible way from one limit to the other. 
However, this rule muſt not be "ad, 1 
chere are conſiderable obſtacles. in the way, as hills, 
woods, marſhy ground, &c. or, if by going aſide, 
any advantage can be obtained ;; thus, in the: 
preſent inſtance, it was found molt convenient, to 
go from A 2 to B, by the dotted line Acdefgh 
1k B, which although it appears the longeſt, was. 
in effect the ſhortett, as you, have only io level 
from one pond to the other, at A c, de, fg, hi, 
k B, (at the top of the plate) the diſtances c d, e f, 
gh, b k, the ſurfaces of the ſeveral ponds being 
aſſumed as level lines, thereby abridging the work 
without rendering it leſs exact; mare ſo, as it was 
not the length of the river that was required, but 
only the declivity.. |. 7 
Having levelled” from: A to B. proceed 1 B. 
toC, following thedotted line B lm nO C, whence 
we obtain the difference in height, berween the 
ſurface of the water at A, and that ah C. 
Ihe next ſtep was to level between 5 and... 
above and below the mills, to find the difference 
between the water when at it's higheſt and loweſt: 
ſituations. From D, levels were taken acroſs the 
country to p, leaving ↄ on account of the pond on 
lake which was aſſumed as level; we beganat 9, from 
thence to r, where we left off; beginning again at 
s, then levelling from thence to 7, and ſo on to L, 
above the mills at Wen. and finiſhed at F 


below them. 
By 


{| 
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© By theſe operations we obtained the knowledge 
of how much the waters above and below the mills 
of Lignebruk are higher than" thoſe of 'Matirante, 
and theſe than thoſe of Villebourg, with all the ne- 
ceſſary conſequences: from this example, the im- 
portance ofa thorqugh.knowledge of the ground, in 
order to carry on ſucha work, is, very evident; 
this. piece of levelling was near ſive German 
miles in length in a ſtrait, line, and g or, With 
the bendings of the river; for the profile or fec- 
tion of the foregoing operation, Ig. 2, plalo 2, 
firſt dra y the dotted line A Gon which let fall 
rpendiculats from the principal limits. A B C 
produced; then beginning at) the higheſt water 
mark at Lignebruk, ſet off 3 feet to 6, for the 
difference between high and low. water; from b 
draw the dotted line bc, parallel to AG. From 
the point ſet off on the perpendicular; . feet to B, 
the difference found between brand B; from B 
draw Bd, parallel alſo to A G,; then ſet off 3 feet 
from d to E downwards, for the difference found 
between Band C, and 44 feet from C to D, for the 
difference in heights of the mills at Mazurance. 
From D draw the line De parallel to A G, and 
from the point e to L, ſet off 3 feet for the dif- 
ference of the level between D and F. And 
laſtly, from E to F, ſet off 1 foot 6 inches for the 
difference between the higher and lower waters at 
the mills of Villebourg, ſhewing that there are 
nineteen feet difference which the upper waters at 


Lignebruk are higher than the lower waters of 


As rRO- 


Po 
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The portability ef me ſextant, it's cheapneſs 
compared: with och aftronomical inſtruments, 
the caſe with which it may be uſed, the accuracy 
of the obſervations that may be made with it, 
ſtrongly recomimend it to the attention of the ſur- 
veyor, &el the only addition neceſſary, in order 
to employ it with ſueceſs in aſtrunomical obſerva- 
do at land, is an artificial' or reflecting horizon. 
\\ The beſt” artificial horizon rhat can be uſed at 
land, is naked quickſtlver or water; but as theſe 
are always more or leſs affected by tlie air, the 
trough in Which they are contaitied ſhould be 
covered with a rOof, e Loo two parallel 
planes of, ſg: 5185 190 If 1 10 ito FREED 
' If oth ac parallel; ir matters little at what 
angle they ate ſet! and if any error be ſuſpected, 
a ande m thay be placed ſometimes with one ſide, 
fometinies irh the other | foremoſt, taking a 
mean of the obſervations. No obſervation ſhould 
be made withi half an ihch of the ſides of the 
balon, in Rich the mereury is contained. 
All other reflocting ſur faces, whether of glaſs or 
metal, circular levels, floating planes of glaſs, &c. 
ate not to he depended upon, and will always give 
z different altitude or diameter from that obſerved 
from the ſurfuce 'df the mercury, or water, as any 
perſon may be readily convinced of, by taking the 
ſun's meridian altitude, or it's diameter ſucceſ- 
fively from theſe different ſurfaces; this ariſes 
from the imperfection of the ſurface of metal ot 
glaſs, which has never been ground perfectly fat. 
The paralleliſm of a glaſs may be readily ex- 
 amined, and it's defects eaſily diſcovered ; whereas 
the want of a flat ſurface has ſcaree been ſuſpected. 


The 


N 
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The paralleliſm of a glaſs may be diſcovered by 
Tooking at the moon with it, and receiving her 
rays in a very oblique manner, ſo as to make the 
angle between the direct and reflected rays as 
obtuſe as poſſible; if it appears ſingle and well de- 
fined, the glaſs is parallel. Or a glaſs may be ac- 
curately examined by laying it on a piece of paper, 
and viewing the top of a wall or chimney, &c. about 
15 or 20 yards diſtant, for if the two ſurfaces be 
not parallel, the object will appear double and 
ſurrounded” with a light fringe, and thus may. 
every part of the glaſs be examined, and it's de- 
fects diſcovered; the examination will be more per- 
| fect, if a ſmall teleſcope be uſed. „ 
To examine whether a ſurface be a perfect 
plane; take the ſun's diameter very accurately 
with your ſextant, when it's altitude is conſidera- 
ble; then examine, in the ſurface you wiſh to try, 
the two images, without altering the index; if it be 
concave, the two images will lap over, if convex, 
they will ſeparate, and the quantity of this error 
may be found by the ſextant. If, therefore, you 
uſe glaſs, &c. as a reflecting ſurface for an arti- 
ficial horizon, you muſt either allow for the error, 
which makes the given altitude too great, if the 
glaſs be convex, and too ſmall if concave ; or you 
muſt make both your adjuſtments and obſerva- 
tions from the ſame reflecting ſurface ; but this 
will not entirely obviate the difficulty, as the ſur- 
face. is apt to vary from the ſun's heat during a 
long courſe of obſervations. 1 

'The angle, obſerved by means of the artificial 
horizon, is always double the altitude of the ſtar, 
&c. above the horizon; conſequently, you cannot 
take an altitnde of more than 45 with an octant, 

or of 60 by the ſextant, 
Every thing being ready, -and the inſtrument 
properly 
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properly adjuſted, move backward, till you ſee 
che reflected image of the ſun in the water. If 
this image be bright, turn one or more of che 
dark glailes behind the horizon glaſs. 
; Hold now the ſextant in a vertical plane, and 
direct the fight! to che ſun's image in the artificial 
horizon. Ihen move the index till you ſee the 
other 1 image reflected from the mirrors come down 
to the ſun's, image ſeen in the horizon, ſo as to 
touch, but not paſs it; then bring the edges in 
contact in the middle between the wires of the 
teleſcope, as before directed, and the diviſions on 
the arch will ſhew the double altitude, | 
Correct the double altitude for the inder error, 
before you halve it. Then to this half altitude add 
the ſun's ſemi- diameter, and ſubtract the correction 
for refraction, and you will have the true altitude 
| of the ſun's center above the real horizon. | 

The altitude of a ſtar muſt be taken in the ſame 
manner as that ofthe ſun: the double altitude muſt 
be corrected for the index error, if any, then 

halved, and this -half corrected for refraction, 
gives the true altitude above the real horizon. 3 

In taking the ſun's altitude, whether for the 
purpoſe of calculating time, or for double altitudes, 
it is beſt to fix the index to ſome particular di- 

viſion of the inſtrument with great nicety, and 
then wait till the ſun 1s riſen or fallen to that alti- 
tude. 

This is much better than obſerving it's dticuds 
and moving the ſcrew to it, as the ſcrew when thus 
ſuddenly moved is very apt to alter a ſmall trifle 
by the inequality and preſſure of the threads, after 
the hand is removed from it ; whereas when it is 
fixed to ſome diviſion previous to the obſervation, 


it may be repeatedly tried and examined before the 
obſervation 1s taken. 


a” 


An 
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An accurate obſerver will find that the Errbr bf 
his ſextant will vary according as he'takes it, by 
moving the index backwards or forward im taking 
the ©'s diameter on the quadrantal areh of excels; 
this is owing to ſome ſpring in the index, or ine- 
quality in the adjuſting ſcrew, which it is very 
difficult totally to obviatdee. 
The beſt way to correct this, is always to move 
the index the fame way in making your &6bſervi- 
tions, as you did in taking the error of adjuſt- 
ment; though where a great number of öbſerva- 
tions are taken, it were beſt both" 't6"ſettle the 
adjuſtment, and take the obſervations alternately 
by moving the index backwards and forwards;*or 
by ſetting the objects open, and making them lap 
over alternately. A mean of all theſe will certainly 
be the moſt free from error, as the errors will 
counteract each other. an er 
This may alſo correct a faulty habit, which an 
obſerver may have contracted in forming the con- 
tact between the two objects; and thougli there 
may ſeem to be ſome impropriety in the mode, 
yet a mean of them will be much nearer the truth 
than any ſingle obſervation, where a perſon pre- 
fers ſeeming to real accuracy. „een 
Ihe lower limb of the © or ( always comes 
firſt into contact, when you move the index for- 
ward, and the index ſhews the double altitude of 
the O's upper limb, if the moveable ſun is upper- 
moſt, but of the lower limb when the moveable 
ſun is lowermoſt. 3 
At ſea, they generally take the altitude of the 
O's lower limb, becauſe it is moſt natural to 
bring that to ſweep the horizon. But by land, it 
is moſt correct to take the altitude of the O's 
upper limb, 1. Becauſe it is higheſt, and leſs lia- 
ble to be 8 by refraction. 2. * the 
emi- 
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ſerni-diameter 0 ang retract raction/are N ſubtradtive; 
and the Eration,) or E Grd, 787 ee 


- L . 8 * 3; 2 | 

plus the « her, min, 201. HA ch N. eil 57 ot 176 910 
To Taxt Ii AIT or erm Bl by run 

„ Fear Oni men., Qt . 2 Th 219 
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Obſervations taken by means of the fore orizoh 
glaſs are called; Se becau ls in them 
och objects, arc Na 

Previous to eve et e 25 
ſhould be e in order $0 ſee. wheth 
index or horizon glaſſes rm, or 9 an W. 
of the {crews be loa the horizon glalk x mult, alſo 
be adjuſted... ;,,... -}, rd 51 17-36 15 

One or two of the l glaſſes ſhou old; e placed 
before the horizon glaſs, always ps gaudy" | 
ſtrength of The ſhades. to the Wee Ge end 
rays, chat the ** oy oh a at WIDOW, 
injury to the eye. He Fs 

Hold the et F vertical poſition, the 
arch db either by the braces or the, rad My 
as may be moſt convenient, or Mill better ACC, 
ding to the foregoing: directions. „Let e eye be 
at the ber hole ne. 14. vane, ee er. 


4414 


under it, pops the uadrant, as near as yon: can 
judge, in a plane a through the ſun's center 
and the neareſt part of the horizon, moving at the 
ſame time the index with the left hand, ſo as to 
bring the image of the ſun down toward the hori- 
zon ; then ſwing the quadrant round in a line pa- 
 ralle} tothe line of ſight ; by this means the ima 

of the ſun may be made to deſcribe the arch o 

eirels with the convex ſide downwards. Now if X 
. vi D d that 
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that edge of the ſun which is cog juſt / grazes 


upon the horizon, or if the h gorizon, Jol teuches 
it like a tangent, without cutting it, the, gblegva- 
tion is rightly made, and the degrees and minutes 


pointed out by the nonius on, the FAA ſhew the. 


apparent altitude of the ſun, , But if the, ſun's:edge 
dip below, or cut the horizon, the, index 1 15 
moved backward; if, on the;.contrary it falls 
ſhort of it, the index. muſt be moved forward, un- 
fl it juſt grazes the horizon. nc 1 

Dr. Maſkelyne gives the following advice; that 
in taking the ſun's) altitude, the obſerver ſhould 
turn his quadrant round upon the axis of viſion, 
and at the ſame time turn himſelf upon his heel, 
fo as to keep the ſun always in that part of the 
horizon glaſs which is at the ſame diſtance as the 
eye from the plane of the quadrant; and that unleſs 
care be taken to obſerve the objects in the proper 
part of the horizon glaſs, the meaſured angles 
cannot be true. In this method the reflected ſun 
will deſcribe an arch of a parallel circle round the 
true ſun, whoſe convex ſide will be downwards, 
and conſequently. when by moving the index the 
loweſt point of the arc is made to touch the hori- 
2on, the quadrant will ſtand in in a vertical plane, 
and the altitude above the viſible horizon will be 
properly obſerved. 

Great care ſhould be taken that the ſituation of 
the index be not altered before the quantity it 
makes is read off. 

The obſerved or apparent altitude of t e ſun 
requires three corrections, in order to obtain the 
true altitude of the ſun's center above the horizon. 


1. The firſt correction is ta obtain the obſerved 


altitude of the ſun's center. 
Al aſtronomical calculations, . reſpecting the 
heavenly 


4 * 


0 %3 
oft _—_—_ 2 
a ANI x 3 


Ess A vs ON GEOMETRY, &e. 


wm 


TY bodies, are adapted to their centers; he 
em taking altirudes of be ſun, it is uſual ro bring 
: fs dene r limb” in apparent contact with the hori- 
222605 In this caſe it is evident, that. a quaneity 
"equal to the ſemidiameter of the ſun muſt be ad- 
dea to che obſerved altitude, to give the all itude 
51 His center! But if on any occaſion, as from 
Golde, (ehe ltitude of the upper limb be taken, 
the fetnidiateter of the ſun muſt: be ſubtracted. 

The mean ſemidiameter of the ſun is 16 mi- 

nutes, Whieh may be taken as a conſtant quantity 
in commoti obſervations, as the greateſt variation 
from this quantity ſcarcely exceeds one nee of 
| a minute. | 
2. The ſecond ee is, to redlify the ar 
'rors ariſing from retraction. | 
One of the principal objects of aſtronomy i is, to 
fix the ſituation of the ſeveral heavenly bodies. 

It is neceſſary, as a firſt ſtep, to underſtand the 
' cauſes which occaſion a variation in the appear- 
ance of the place of thoſe objects, and make us 
ſuppoſe them to be in a different ſituation from 
what they really are: among theſe cauſes i is to be 
reckoned the following.“ 

The rays of light, in their paſſage bw thas ce- 
leſtial luminaries to our eyes, are bent from their 
true direction by the atmoſphere ; this bending is 

called refraction ; and they are more or leſs re- 

fracted, according to the 0 of obliquity with 
which they enter the atmoſphere, that is, accord- 
ing to the altitude of the objea ; from tais cauſe, 
their apparent altitude is always too great; the 
quantity to be ſubtracted from the Obſerved alti- 

| tude may be found in any treatiſe on navigation. 


Dad a ttt 
* Adams's Aſtronomical and Geographical Eſſays, 


4 


The following ＋ Bhs "fy experiment 
will give the reader an idea of Nhat 18 ment by 
the refraction of the riys*6f light za Wonderful 
property to which we are ihdebic@ for alp ehe 4d. 
vantages of viſion,” and the affiance* Ve receive 
from teleſcopes, &. 1 od glad 
Experiment. Into any ſhallow veſſel A haſon) 
put a ſhilling, and retire to ſuch a diſtance as that 
you can juſt ſee the farther edge of the ſhilling, 
but no more; let the veſſel, the fhillingg and your 
eye, remain in the fame firuation, While am affittant 
fills up the veſſel with Water, and the whole 
ſhilling will become viſible, the rays coming from 
the ſhilling being lifted or bent upwards in their 
paſſage through the water. For the fame reaſon, 
a ſtrait ſtick | ut partly into Water appears bent. 
3. The third cortectiön is for the dip or de- 
preſſion of the horizon. Dis ISnolbi t 5 | 
The dip of the horizon = the quantity that the 
apparent horizon appears below the true horizon, 
and is principally oecationed by the height of the 
_ obſerver's eye above the water; ſor as he is elevated 
above the level of the ſea, the horizon he views is be- 
low on true one, and the'obſerved altitude is 100 
great, by a quantity proportioned tothe height of 
the eye above the . 
from the altitude will be found in a table ſubjein- 
ed to this tract. obe ( g010 Of1 19) 
Mr. Nicholfon ſays, that obſervers at ſea gene- 
rally chuſe to ſtand in the ſnip's waiſt when they 
take altitudes, becauſe the height of the eye above 
the water is not ſo much altered by the motion of 
the ſhip; but this is of no conſequence, for in 
rough weather the edge of the ſea beheld from a 
ſmall elevation is made uneven by waves whoſc 
1 altitudes 


FSSAYS ON GEOMETRY, &G. 405 


altitude, a mut q 2 or 3 minutes, or more; 
mhich, circumſtance, 857 as great an uncer- 
dajntyoas the A 200 1! of the object ſeen from 
the. Nei wh KD: the ſhip. 1 Theſe are mi- 
te cauſes of error, but not to be diſregarded by 
thoſe who wiſh to obtain habits of accuracy and 
| exagineſs. “ 35157 v7 01 = 3 


. 3 Th, l pr Mreafbrovar Alriropss. 
"fit 10 H 


The meridian altitude of the ſun + is found by 
amin a few minutes before noon, and taking 
his altitude from time to time: when the ſun's 
altitude remains for ſome time without any con- 
ſiderable increaſe, the obſerver muſt be attentive 
to mark the coincidence of the limb of the ſun 
with the horizon, till it perceptibly dips below the 
edge of the ſea. The quantity thus obleryeg is 
the meridional altitude. 


To TAKE THE Ain or A e 


Before an obſerver attempts to take the altitude 
of a ſtar, it will be proper for him to exerciſe 
himſelf by viewing a ſtar with the quadrant, and 
learning to follow the motion of the reflected 
image without loſing it, leſt he ſhould take the 
image of ſome other ſtar inſtead of that whoſe 
altitude he is deſirous to obtain. His quadrant 
being properly adjuſted, let him turn the dark 
glaſſes out of the way, and then, 

1. Set the index of the nonius to the © line of 
the limb. 

2. Hold the quadrant in a vertical poſition, 
agreeable to the foregoing directions. 

3. Look through the fight vane and the tranſ- 

- Md 3 parent 
* Nicholſon- s Navigators Aſſiſtant. 
+ At _ where it riſes and lets, 
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parent part of the horizon glaſs, Pip 0 the 
ſtar, which will coincide with the f age e In- ” 
the ſilvered part, and form one ſtar; ay e i 
as you move the index forwards, e ccled # 
image will deſcend below the Teal für 
follow this image, by moving the” Wi 155 
the quadrant downwards, ſo as to Kkeep'it in 12 
ſilvered part of the horizon glaſs as the motion of 
the index depreſſes it, until it comes down n 
to the edge of the horizon, n. 
It is rec koned better to obſerve cloſe than op 
that is, to be well aſſured that the objects 12000 
each other and this opinion is well founded, as 
many perſons are near- ſighted without 1 6 5 
it, and lce diſtant objects a little enlarged, by the 
addition of a kind of penumbra, or indiftinct 
ſhading off into the adjacent ain. 
There are but two correttions to be made to 
the obſerved altitude of a ſtar, the one for th the dip 
of the horizon, the other for retraction. cn a 


"340; of 1; 
Rune ron Finne Tur LaTtITuDE; THz, SUN? "ml 


 LtnITH, DisTanct, AND DECLINATION AT 
NooN BEING GIVEN. = 4 . 


LOR £099 2 


The firſt ſubject for conſideration is, whether 
the ſun's declination, be north or ſouth: and 
ſecondly, whether the required latitude be north 
or ſouth. If the latitude or declination be both 
north or both ſouth, they are ſaid to be of the 
ſame denomination; but if one be north and the 
other ſouth, they are ſaid to be of different deno- 
| minanons. Thirdly, rake the given altitude e 

90 wo obtain the zenith diſtance. 

Rule 1. If the zenith diſtance and n 
be of the ſame name, then their difference will 
give the latitude, whoſe denomination is the 2 

wit 


d 
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white ecken den of ot: he greater than the 
deu e at 5 atitude is oſ a contrary 


5 tu 
U dhe eli diſtance be leſs than 
Ta . Kein ba, 
Thos f the [Z&NUL 8 7 and e 
haye ES, their f ow ſhews 155 required 


eee 


egi 0 ji 26 2 * 11001 art 0 a 
r; By the nen ae you may find 
the . of the place from 7 the Al tirude and de- 
clination given, aſtda oo 1 
Rule 9 9000 "Y Aldi 2 declihatien 3 are of 
different Ln, that, is, th 2 or north the other 
ſouth, add 9, d egrees. to; 't e. geclinatipn; from 
that ſym In 5 the meridian. altirude, the re- 


mainder; is the latitudes, avd, IS of the * name 
as the declination. ey 


teu 1 1 the, meridian alt tirude an declina- 
tion. are o 5150 eno Reeg Tha is, both 
nort FO 4-7 th,th en 400 Ithe declination and al- 
titude together 5 ſubtract that ſum from go de- 
grees, if it be leſs;'and thelremainder will be the la- 
titude, burlof a contrary name. But if the ſum ex- 
ceeds go degrees, the exceſs ill be the latitude, of 


the ſame. name With the :Aechipation, and, alcirude. f, 
Exa Mets ror FINDING! THE: Lartrobs BY 
Hon 9d Mauipiax Onszxvarion,s 
cod 9d none! 9H to Shymrinl 57 1 70 
Examplech e Being at ſea; July. 29, 1779, the 

meridian: altitude of the ſun's lower limb was 

ſerved to be 34 10. N. the eye of the obſerver 
being 25 feet above the ſea. The latitude of the 


place is e | . 8 
Dd4 The 


* Nicholſon's Navigator's Aſſiſtant, 
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The ſun's declination for the third year “ after 
| leap year on July 29, is found in Table III. to be 
| 182 46' N. the dip for 25 feet elevation is 5 mi- 
1 e the refraction for 34 is 1 minute; there- 
Altitude of ſun's lower limb 34 10 M. 
Add ſemidiameter 16 


aft 0 1 ME I: 24 6 
zubtract dip and refraction 6 


31861 


\ 1 0 Correct altitude * 34 20 


— F 
— 


22 l OTE Sad, 4 TL 
| 3 [1:34 .35* $5: 1 


LITEY 


Subtract declination . 
11159 0! Remains latitude” Fig or of the 


isis TE TITTY” | | | 
to the declin. 


Example 2. October 36, 1780, ſun's meri- 


dional altitude, Iq wer limb, 62 gg S. required the 
latitude. Heh ofthe eye 30 cert. . 


780 is leap year, and the ſun's declination in 


£ CF 
1 f 
bY 
2 3 . 


. erefore, %% tts nebiiom 2 fin 
7 L 4x 4 - 8 
T4.4 1 2 


—_— 


n 48.6 minutes, the refradtion for\$9* is 4 
As 0 giga r be 23 bun 


5 S 15 of 20159 
The annual courſe of the ſeaſons, or the,natural' yeat, 

_ conſiſting of nearly 365 days 6 hours, an [the | S's ear 

ö N day 


7 


Th 


being reckoned 365 days, it is evident that ä 
would be Joſt in four years if the fix hours were conſtantly 
rejected. To avoid, this ix convenience which, if not at- 
tended to, would cauſe the ſeafons to ſhift in proceſs of time 
through all the months of the year, an additional day is added 

to the month of February, every fourth year; this fourth year 
is termed leap year, and is ſound by dividing the year of our 
Lord by 4; leap year leaves no remainder; other years are 


called the firſt, ſecond, or third years after leap year, ar- 
cording as the remainder is 1, a, or g. | 


ECAC NAS — RY, Ie —— — - - 
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Suns apparent ale I. I. 62 09'S. 
A. Le- 8 refrac. 9g 1 


I 8 El 201280 J — 


812111 A Correct alt. 62 134, 


V '0 Benith dif. 27 41 45. 
Sun's declination 12 45 8 


„ GE wt >. —— nd 


nn ane 5 56 K : N. or of the 
———- contrary 
name. 

Example 3 > Jan. * 1776, altitude of ſun's 

lower limb, at noon 87 10“ S. height of the eye 
Zo feet, required the latitude. 
4 alt. 1. 1.87 10 | 

diam, dip. lo re ractionbeing 

oF; e ——— inconſiderable 


5 (16) Correa alt. 87 20 
36 J 


(T2101 4 Zenith diſtance 2 40 8. 
: £241 Sun's declinat. 19 13 N. 


: 0011611 Sum is latitude 21 53 3N. 
þ = OF, 1G! 
le 4. In the Sean, ak July 30, the 
fun 's meridian altitude lower limb was 84 10˙ N. 
required the latitude: the height of the eye 
58183 o feet. 
parent alt. l. L 84 10 


by n | 10 


lis Anas 2f 


ws n BU 8. Correct alt. oy 20 


a 


7 420 29 0 
bbs 2195 "#adith diſt. 


40 IN. 
"Sun" 8 declination 


18 28 N. 
Difference is lat. 12 48 1 N. 


Example 


n 
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Example 5. Being at es in the year, 177%, 


cloſe, weather prevented the meridian; obſervation, 


of the ſun, but the night proving; clear, the nor- 


thernmoſt ſtar in the ſquare, of the Great Bear as 


obſerved to. come to ,it'sleaſt Al itude 309 ,10'— .. 
Required. the latitude ; the de * ths, eye. 


being 20 feet. A 30 bre ii 
Star 's altitude apparent 305 IQ; 1 0 £SUH AT : 


i and reien 1.6 hl 507 5 450 
U v5 7 l mT 
(1&3 auge ltitue 139, 9 OI 18 hy 
© Stars.co;de SHARES.) 25 FM gn 


Sum is W 1 06 4 N.by Prob. 0. 


7015 95 OW HED: 7330 


n 610 June 11 m— ihe ſun's meri- 
dian altitude of rhe upper limb below the pole 
was obſerved to be 2 8. The hei ight of the 
obſeryer's ey e being 16 feet? required * "the | 
latitude.” * 4 l | 91 139070 N 115891104 600 

Sun's apparent altitude upper lic * 08˙ 10 "IOW 
. ee and Cenniciaty To = 


1+ 18 Ne 911 aikaubnk. 5 
811 nern wk % _ iT 
' Shrageetin-23008N.ircomp. lg 166 I ; 
„It! 1901: | T Jag: 15 4 76 1 4.9 f re 5 


n is latitude. Tos 768) 2 N. 


4 > IAN 2 421941 # þ ALY {\ * 1 10.0 


To TAKE THE Ae OF sie Ar. StA. 
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The enlightened. edge of the moon, or Re 
edge which is round and well defined, muſt be 
brought in contact with the horizon, whether it 
be the upper or under edge in other reſpects the 
ſame method is to be uſed in taking the altitude 
of the moon as was diredted for the ſun. 


Between new and full moons the enlightened 
limb 


bn 


— 
* CE © 
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limb is turned towards the weſt: and during the 
time from the full to the new moon, the en- 
lightened limb is turned towards the eaſt. 

If that teleſcope which ſhews objects inverted 
be uſed, then the upper edge or limb of the moon 
will appear the lower, the left fide will per the 
right, and the contrary. „ 

The wires of the teleſcope ſhould: be ned | 

rallel to the plane of the inſtrument, as by 
ing them in a perpendicular direction, they will 
ſerve at night as a guide for holding the ſextant 
in a vertical poſition, which cannot otherwiſe at 
that time be readily aſcertained 

The moon is generally bei ht ec oh t to be 
ſeen by eech from. the k, part of. th. 

glaſſes; if not, the 5 ele e myſt, be, Nats 
nearer to the plane « rument. e oe 

The obſerved Ade of the moon requires 
four corrections, in order to obtain the true altir f | 
tude of her center above the horizon... 135 

Correction 1. For the ſemi- diameter. This : 
is to be found in the nautical almanack, page 7, 
of every month for every noon and midnight at 
Greenwich. If the lower limb was obſeryed, add 
the ſemi-diameter thus found, If the upper limb 
was obſerved; it mult be ſubtracted. 

Correctin 2. For the dip of the horizon to 


be a 111% 40 4861 
* 1 1 * This f 1s 


* 


«7 A i\ ; be 1 


Correction or re fraction. 
; iſs pl 7 5 


ſubrratted. For oſt; 


Corre#ion 4. The thdon's 5 in lets 6 
tude. This e in the obſerved alti- 
tude. It is to be found in che requilite whles to 

the nautical . 


To 


1 


— — — 
* 
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To DETERMINE THe Lonbrrube Un Sr; BY Th. 
' KING THE | ANGULAR DISTANCE BETWEEN Tyr 


- Moon, AND MO! CELESTIAL ORA RAin UT 


ROT; 

le latitude is obtained at ez Wittttt diff 
culty, and with as much. accuracy. as is requiſite for 
nautical purpoſes; but RY ee of "the earth on 
it's axis prevents our, aſc taining g the longitude 
with the ſame facility : Pi Reiter it vn "that moſt 
merhods of. dezermining,the lsvg itude by celeſtial 
obleryation, co onliſt in di covering IR. 

of apparent. kime betyeen the two pl: aces under 
conſideration. 7 14 * 

The angular motion af the inoon Wing ch 


greater than that of any the celeſtial body, the 


obſervation of it's place is much better ada red to 
diſcover ſmall; differences of time, than, ſimilar 
obſervations, made with any. other inſtrument. 
The only prattical method of obſerying it's place 
at ſea, 1s that of meaſuring the angula diſtance 
bers een it and the ſun and a fixed ſtar. 

| 8 General, DrgzcTIONS. 3 

„The moſt obſcure, or rather, the leaſt luminous 
of the two objects muſt be viewed directly, and 
the otHer muſt be brought by e in bern 
contact with it. 

The well-defined image of the moon muſt be al- 


Vays made uſe of for the contact, even though it 


ſhouſd be neceſſary for that purpoſe, to make the 
refleqted image pals beyond the other. 
In the night-time it is neceſſary to turn down 
ons or more of the green ſcreens, to take off the 
lare of the moon, which would otherwiſe pre- 
vent the ſtar from being ſeen. 4 
0 


fference 
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To TY e „Moon 4 
e eee eee en. 05, ee eee 


| wy AED r the fun ati not er 


cal 95 7000 Fm ce gi 25 

9 6 10 ele ic y NY 
1550 1200 ty. 1 gere et wee wore 
3 5 0 Five of obſervation: ors operon 
ade fa Ys, the m 1 0 be Viewed 
area bi 8 0 ner wy ehe Herten 


reflectio 1 fir be'\ 
brig ah pA (ever Fee 5 2 up the Blas. “ 0 


Is he ſun, be to mou, hand of tie nd the 
120 8 [hel Wo hit! 's I be f Arc bot 
9e 01 * e ie Län de 1e ind fed * 


A if hrs * 

15 n n. 110 HOUR He 

bo 0 a8 5 ailfanee ere eren ute 
of 5 un Na 1 n, computed rotighty | 

and Þ lacing her of 5s e 

foregoing r ire t. t 

pure 515 by into Gick's Ig 
look ger wan e itz it 5 ſeem to Forts A fine 


paſſing £ 1 oy the fun and moon, a circumſtance ' 
19215 10 ly { attditied by *prattice) the parent 
kat hen piverhe ſemant'a ſweep)or ing 


I * Jel'td che axis of the teleſcope, 

5 . reflected ima 50 of the ſun will paſy*by:the © 

moch 0 f, 0 n 70v catnorofail of 
ſen mV 283007 > 10] .1G Li OD BCE 12 i245 4) 

PRE dere ag, 1:6t Unnbse l may now. be 

brought into-exkt <briract;- by moving the index, 


and then dfing“ he-adjuſting-ferew obſerving, © 


firſt, that on giving the lextant a motion round the 
axis of the teleſcope; the images of the ſun and 
wed e touch at their external edges, and that 

Code 4s Sn the 


414 ESSAYS ON GEOMETRY, &e. 


the body of the ſun muſt not paſs over, or be upon 
the body of the moon. And ſecondly, that the 
edge of the ſun touch the round or enlightened edge 
of the moom Then will the inge x point out the 
obſerved or apparent diſtance of / the neareſt edges 
ol the ſun and moon. 

But the obſerved diſturite xhquires ſeveral cor. 
regions, before the true diſtance of the centers of 
the objects, as ſeen from the center of the earth, 
ca be found. LN 
+,211Gorre&ion 1. Is the fm or their Ke date 
9 to be added, to give the apparent diſtance 
of the centers of the ſun and moon... 

The ſemi- diameter of the ſun for every fixth day, 
gd of the moon for every non and midnight, at 
Greenwich, are to be found in the nautical ephe- 
meris: from theſe their ſemi-diatherers are to be 
computed at the time of obſervarion| by the rules 
to be found in the fame worx. Al 
Correction 2. Is to free the a ppafen diſtgice of 
the effect of refraction and parallax," which will 
then be the true diſtance of the centers of the ſun 
and moon, as ſeen from the ear tn 

For this purpoſe, two ſets of tables, with di- 

ia how to uſe them, are to be found among 

the requiſite tables of the nautical almanack; or by 
à ſet of tables, publiſhed for that purpoſe by the 

Board of Longitude. e ee eee AO, 21 


atk in 001 51 
To rTrAkE T DisTance. BETWEEN n AND 


SUCH STARS AS ARE SELECTED IN THA NAUTICAL 
ALMANACK, FOR THE PURPOSE OF FINDING THE 
LoNGITUDE AT SEA. 


The diſtance of theſe ſtars from the moon's 
center for every three hours, at Greenwich, 1s 


en in the nautical almanack, from whence their 
diſtance 
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Hiſtance ear che.enlighrened edge may be roughly 


Lene a hs Fe — 51 10 Ag., 2833 3 
ala N ni rh be viewed: directly: the moon is 
„g 905 heighs enough to be ſeen; by reflection 


em ebe upþlyered part of the glaſt the proper 
ade to take off the glare of the moon is ſoon 
fund. When che, Har ist the leſt hand of the 
10 Wage rh ſextant muſt be held with it is face up- 
Wards; but if, the, ſtar; be to the right hand of the 
moon, with | it's face downwards. n 34 a2. 
Set the index to; the diflance roughly computed, 
"and placing the face of the tant hy the, fotegbing 
rules, direct the teleſcope io the ſtar. Then place 
the ſextant ſo that if ſeen, edge · ways it may ſeem 
to orm a line. pang through the moon and ſtar, 
ng giye it a weep round a line parallel toctheiakis 
the, teleſoope. and the reflected ĩmage of th 
moon uill paſt ſo near by the Nar;.,thatiyou-wil 
ſee it in the field of the teleſcope: a Proof thatthe 
ſight is directed to the right ſtac. 
iy v the enlightened edge of the moon, herben gaſt 
or weſt, muſt, then be brought into contact with 
the ſtar, by moving the index. To know: Whether 
the contact i is perfect, let the quadrant gently vi- 
brate in a line parallel to the axis of viſion; or the 
ſtar ſhould juſt graze. the edge, without entering 
at all within the body of the moon; when this is 
the caſe, the index will ſnew the apparent diſtance 
of the moon from the ſtar, which, when corrected, 
gives the true one, 

Correction 1. For the ſemi-diameter of the 
moon. This may be found in the nautical alma- 
nac k for every noon and midnight, at Greenwich; 
and from thence computed, by. the rules there 
given, for the time of obſervation. If the obſerved 
or 1 limb be neareſt the ſtar, the ſemi- 

diameter 


2 *© 4 
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diameter thus found is to be added; if the enlight- 
ened edge be the furtheſt from the —_ then the 
ſemi- diameter is to be ſubtracted. 

Correction 2. Is for refraction ar nher ith 


be found from the table as direfted before for % | 


fun and moon. 

Theſe corrections being properly made, you 
have the true diſtance of the moon's center from 
the ſtar, as ſeen from the center of the earth. 
From this diſtance, and the time of er ern 
the longitude may be found, 

The t to be obſerved is always one of the 
brighteſt, and lies in a line nearly perpendicular 


to the horns of the moon, or her longer axis; but 
if you have any doubt whether the ſight be direc. 


ted to the proper ſtar, ſet the index to the ſup- 


poſed diſtance as before, hold the ſextant as near 
as you can judge, ſo that it's plane, ſeen edge · 
ways, may coincide with the line of the moon's 


ſhorter axis, and moving it in that plane, ſeek the 
reflected image of the moon through the teleſcope. 


Having found the reflected image of the moon, 


turn the ſextant round the incident ray, that is, a 
line paſſing from the moon to the inſtrument, and 
you will p: rceive through the teleſcope all thoſe 
ſtars which have the diſtance ſhewn by the index; 
but the ſtar to be obſerved lies in a line nearly 
perpendicular to the horns of the moon, there 
will, therefore, be no danger of miſtaking it. 


To OBSERVE. CORRESPONDING ALTiTUDEs or THE 
Su. 


The baſis of all aſtronomical obſervation is the 


determination of the exact time of any appearance 


in the heavens. By correſponding altitudes this 


time may be determined, vithout the ee of 


2 fixed 


* 
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| ether, ry RAP tele Tits”. 
#correctec for che change 
eclinatipn | between the morning a and 


ce” ifr"the arne 
ef af the? 


evening obſervations, you will have the time of 
ſolar noon derived from this pair of obſervations. - 


Do the ſame for cb, 


ir, and take the mean of 


the times thus fo (from each pair), and you 
will, haye- the exe time mne wn $8 We, e 1 
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Ine time by, tbe clock of ſolar or apparent nn 


being thus obtained, the time of wean noon may 
be hat by applying the proper equation of tine. 


Or thus. Add 12 hours to the time of the after. 


» 


noon obſervation, from which ſubtract the time of 
the forenoon one,“ and add half the difference to 
the time of the forenoon or morning obſervation; 
this will give the time of apparent noon nearly. 
Having this time nearly, it muſt be corrected by 
the table of equations for equal altitudes, on ac- 


count of the fun's change in . declination, in the 


interval between the obfervations ; and you muſt 
alſo apply the equation of time found in the nau- 
tical almanack with, contrary ſigns, ſubtracting 


OI f 8 4 9M 5 : p * 13 4.4 +7 : A AF "4 : 1 N 
when it is +, and adding when it i... 
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This gives the whole interval between the obſervations, 


to which, if your clock is known to vary much in that time, 


that interval, and half this corrected (if nece 
muſt be added to the time of forenoon, &c. 


=: 


you muſt add the. clock's loſs, or ſubtra& it's gon m—_ 


6 4A 
\ _— * » 
4 4 0 9 | 
"i 2? 4 3 9 | - 8 th 
a 4 1 
| | : | ; | | | 8 
I N : N # 
p 5 5 1 
. ; 4 4 8 k bo 


1 


3 Fnmme ug 1 r frank — 


— 


wa ws A 2A Md Mk 


d | 5 75 * i 1.2 
x85Xvs' oN CroMnrRY, c. N 11 8 
A the Schund differ add them together, fas. e 
and divide the ſum * 3. + which an 14 12 
hs obtain a mean. "a n evi DRE + | Soy 5 
ies, m, . 4 CES eee libs 
. 7 24 che mean. 3 
l * 2 8 8 aten e hours. 
ry | WEL 3545 8 itt 0 i 3 03 | 


l abt WP 20 x equation time bub. 


e . | 19 12 clock neat” 20” too 
— — - faſt for equal time. 
weisen, e eee BY, THE. STARS; AND. 
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„Hi 10 fi . line by. 4 a W it cat we . 
fees at it's greateſt elongation on each ſide of the palit. 
Provide two plummets. Let one hang from a 
fixt. point: let the other hang over a rod, ſup- 
ported horizontally | about 6 or 8 feet above the 
ground, or floor in a houſe, and ſo as to flide oc. 
caſionally along the rod: let the moveable plum= 
met hang four or five feet northward of the fixt one. 
Some time before the ſtar is at it's greateſt elong 
tion, follow it, in it's motion, with the moveable 
plummet, ſo as a perſon a little behind the flat. 
plummet may always ſee both in one, and juſt 
touching the ſtar. When the ſtar becomes ſta- 
tionary, or moves not beyond the moveable plum 
met, ſet up a light on a ſtaff, by ſignals, about 
half a mile off, preciſely in the direction of bock 
the plummets. Near twelve hours aſterwatds , 
when the ſtar comes towards it's greateſt elongati ? 
be « he: nr, ſide of the uw with your eye a foot ö 
3 e or 
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or two behind the fixt plummet, follow it with the 
moveable plummet, till you perceive it ſtationary 
as before: mark the direction of the plummets 
then by a. light put up preciſely in that line: take 
the angle between the places of the two lights 
with Hadley's quadrant, or a good theodolet; the 
center of the inſtrument at the fixt plummet, and 
a pole ſet up in day-light, biſecting that angle, will 
be exactly in the meridian ſeen from the fixt plum- 
This obſervation will be more accurate if the 
eye is ſteadied by, viewing the plumb-lines and 
ſtar through a ſmall ſlit in a plate of braſs ſtuck up- 
right on a ſtool, or on the top of a chair- back. 
This problem depends on no former obſerva- 
tions whatever : and as there is nothing in the 
operation, or inſtruments, to affect it's accuracy, 
but what any one may eaſily guard againſt, it may 
be reckoned the ſureſt foundation for all ſubſequent 
celeſtial obſervations that require an exact meridian 
line. The only diſadvantage is, that it cannot be 
performed but in winter, and when the ſtars may 
be ſeen for 12 hours together; which requires the 
night to be about 15 hours long. 


* 


How to fix a meridian line by tuo circum polar flars 
. that have the ſame.right aſcenſion, or differ preciſely 

Ihn 
Pitch on two ſtars that do not ſet, and whoſe 
right- aſcenſions are the ſame, or exactly 180 de- 
grees different; take them in the ſame vertical 
circle by a plumb- line, and at the ſame time let a 
light be ſet up in that direction, half a mile, or 2 
mile off, and the light and plummet will be 

exactly in the meridian. eee e 
In order to place a diſtant light exactly in the 
direction of the plumb- line and ſtars, . procced a 
| the 


13 
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the following manner. Any night before che ob- 


ſervation is to be made, when the two ſtars appear 
to the eye to be in a vertical poſition, ſet up a ſtaff 
in the place near which you would have the plum- 
met to hang; and placing your eye at that ſtaff, 
direct an aſſiſtant to ſet another ſtaff upright in the 
ground, 30 or 40 yards off, as near in a line with 
the ſtars as you can. Next day, ſet the two ſtaffs 
in the ſame places; and in their direction, at the 
diſtance of a mile, or half a mile northward, cut a 


ſmall hole in the ground, for the place where the 
light 1s to ſtand at night; and mark the hole fo, 


that a perſon ſent there at night may find it. 


Then chuſe a calm night, if the obſervation is to 


be made without doors; (if it is moon-light, ſo 


much the better,) and half an hour before the ſtars 
appear near the ſame vertical, have a lighted lan- 
thorn ready tied to the top of a pole, and ſet up-. 


right in the diſtant hole marked for it the night be- 
fore; and the light will then be very near the me- 
ridian, ſcen from the place marked for the plum- 
met. Art the ſame time, let another pole, or rod, 
6 or 8 feet long, be ſupported horizontally where 

the plummet is to hang, fix or ſeven feet from the 


ground, and hang the plumb-line over it, ſo as to 
flip eaſily along it either to one hand or the other, 
as there may be occaſion, (or tie a ſtaff firmly acroſs 


the top of a pole ſix or ſeven feet long; fix the 


pole in the ground, and make the Sia e . | 


over the cxoſs-ſtaff ). Let the weight at the end o 

the line be pretty heavy, and ſwing in a tub of 
water, ſo as it may not fhake by a ſmall motion of 
the air. Then ſhift the plumb-line to one hand 


or the other, till one fide of the line, when at reſt, 
cuts the ſtar which is neareſt the pole of the world, 


and the middle of the light together: as that ſtar 


Ee 3 moves, 


n 


f 422 ESSAYS oN GEOMETRY, , &e. 


moves, continue moving the plumb- line along the 


rod, ſo as to keep it always on the light and ſtar, 


till he other ſtar comes to the ſame fide of the 


plumb-line alſo; and then the plummet and habt 
will be exactly in the meridian. 

There are not two remarkable ſtars near the 
north pole, with the ſame right - aſcenſion pre- 
ciſely, or juſt a ſemicircle's difference: but there 
are three ſtars that are very nearly ſo, viz. the 
 pole-ſtar, æ in Urſa Major, and yin Caſiopeia. If 
either of the two laſt, particularly e, are taken in 
the ſame vertical with the pole-ſtar, they will then 

be ſo very near the meridjan, that no greater ex- 
actneſs need be deſired for any purpoſe in ſurveying. 
At London y is about 1 weſt of the meridian then; 
and e much nearer it, on the weſt fide likewiſe, 
Stars towards the S. pole proper for this obſerva- 
tion are, y, in the head of the croſs; à, in the foot 
of the croſs; and a, in the head of the phenix. 
Hod 10 find a meridian- line by 4 circumpolar flar, 
| When it is at it's grealeſt azimuth from the pole. 
By a circumpolar ſtar is here meant, a ſtar 

whoſe diſtance from the pole i is leſs than either the 


latitude, or co-latitude, of the place of obſerva- 


dlon. 


1. Find the latitude of the place i in which you 
58 to obſerve tlie ſtar. 


Pitch on a ſtar whoſe declination is Worin. 
30h Re ulate it's greateſt azimuth from the north, 
or elevated pole. 

3. Find at what time it will be on the meridian 
the afternoon you are to obſerve, ſo as to judge 
about what time to begin the obſervation. 

4. Prepare two plummets, and follow the ſtar 
with one of them, (as directed in page 419, ) until 
the flax 1 Is ſtationary; then ſet, up a light | half a 


mile, 
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mile, or a mile off, in the direction of the umd. 
line and ſtar, and mark the place of the light in 
the ground, and alſo of the plumbaſine. e 
. Next day ſer up a pole where the light ſtood, 

with a flag flying at it. Then with a theadolet, 
or Hadley's quadrant, ſet the index to the degree 
and minute of the ſtar's azimuth from the north, 
found before; dire, by waving to one hand or 
the other, an aſſiſtant to ſer up a ſtaff on the ſame 
ſide of the pole with a flag as the pole of the wotld 
was from it, ſo as at the Piber theſe two lines 

may make an angle equal to the azimuth of the 

ſtar, and the plumb-] line and ſtaff will then be in 
the meridian. 

When any ſtar is deſcending, it is on the welt- 
fide of the pole of the world ; While it aſcends, it 
is on the eaſt-ſide of it. | 

The pole of the world is always between ui 
pole-ſtarand Urſa-Major : ſothat when Urſa-Major 
is W. or E. of the pole-ſtar, the Pole of the world 
is W. or E. of it likewiſe. | 

To find the greateſt azimurh of a circumpolar 
ſtar from the meridian, uſe the following propor- : 
| tion. | | 
nne of the lat.: R:: . of the flar's diffance from | 
the pole: S. of it's greateſt azimuth. | 

he greateſt azimurh is when the ſtar is above 
the horizontal diameter of it s diurnal circle. 

On the N. fide of the equator, the pole ſtar is 
the moſt convenient for this obſervation; for the 
time when it is at it's greateſt elongation from the 

le; may be known 1ufficiently near by the eye, 

y obſerving when e in Urſa-Major and in 
Caliobtia appear to be in a horizontal line, or pa- 
rallel to the horizon; for that is nearly the time: 
Or, the time may be found more preciſely by 
Ee 4 making 
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making faſt a ſmall piece of wood along the plumb. 
line when extended, with a croſs-piece at right 
angles to the top of the upright piece, like the let- 
ter I; when the plummet is at reſt, and both ſtars 
are ſeen touching the upper edge of the croſs-picce, 
then they are both horizontal. It is another con- 
veniency in making uſe of this ſtar, that it changes 
it's azimuth much ſlower than other ſtars, and 
therefore affords more time to take it's direction 

e eee, 
On the ſouth-ſide of the equator, the head of 
the croſs is the moſt convenient for this obſerva- 
tion, being neareſt to the S. pole; and the time of 
it's coming to the horizontal diameter of the diur- 
nal circle, when it appears in a horizontal line with 
the foot of the trols, or the head of the phenix; 
and at the equator it's greateſt azimuth is one hour 
ſixteen minutes before-or after that, as it is E. or 
W. of the meridian. The pole of the world is be- 

tween the head of the croſs and the laſt of theſe 
. ages 
To find when any ſtar will come to the me- 
ridian, either in the ſouth or north. Find the 
ſtar's right aſcenſion, in time, from the moſt cor- 
rect tables, alſo the ſun's right aſcenſion for the 
day and place propoſed ; their difference will ſhew 
the difference between their times of coming on 
the meridian in the ſouth, or between the pole 
and zenith; which will be after noon if the ſun's 
right aſcenfion is leaſt, but before noon if greateſt. 
Eleven hours 58 minutes after the ſtar has been on 
the meridian above the pole, it will come to the 

meridian north of it, or below the pole. 

Given the latitude of the place, and the declinations 
and right aſcenſions of two flars in the ſame vertical 
ths jo bad eee e e e 
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from the meridian ; the time one of the lars will take o 
come From the vertical to the meridian ; and the pre- 


ciſe time of the obſervation. | 
Case 1. When the two flars are northward of the 
zenith. Plate 16, fig. 4. 
Let Z PO be a meridian, Z the place of abſer- 
vation, HO it's horizon, and Z P a vertical circle 
paſſing through two known ſtars, s and S; P the. 
pole, E Q the equator, P s D and PS d circles of 
declination (or right aſcenſion) paſſing through 
theſe ſtars: then is Z. P the co-latitude of the 
place, Ps and PS the co - declination of the two 
ſtars reſpectively, and the angle s PS the neareſt, 


diſtance of their circles of right aſcenſion; VO the 


arc of the horizon between the vertical Glecte and 
the meridian; and d Q the arc of the equator be- 


tween the ſtar S and the meridian, When, in the 


triangle PZ s, the angles PZ s and s P Z (mea- 


ſured by the arcs V O and D E) are found, the 
problem is ſolved. | 


Solution. 1. Begin with the oblique.angled: 


triangle Ps S; in which are given two ſides P 


and PS, the co-declinations of the two ſtars reſ- 
pectively, and the included angle S Ps; which 
angle is the difference of their right aſcenſions 
when it is leſs than 180 degrees; but if their dif- 
ference is more than 1 80 degrees, then the angle 
S Ps is equal to the leſſer right-aſcenſion added to 
what the greater wants of 360 degrees. From 


hence find the angle Ss P by the following wt ae 
tions, 


As radius 
11 to the co-ſine of the given angle (SP "Y 


So is the tan. of the fide oppoſite the re ired ang. (P 8 | 
To the tan. of an angle, which call | 


NM. is like the fide oppoſite | the angle ſought, if the 
| given. 


* 


3 
| 
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given angle is obtuſe.* 7 
Take the difference between the ſide (P S) ad, 
Jacent the required angle and M; call it N. Then, 
Sine N: fine M. : : tan. of the given angle 
(S Ps): tan. of the required angle (SSP) which is 
like the given angle if M is leſs than the ſide (PS) 


given angle is acute; but unlike that ſide, if the 


adjacent to the required angle; but unlike the | 


given angle if M is greater than PS. 4 753 
2. Next in the. oblique-angled triangle Ps Z 
there are given two ſides, PZ the co-latitude'of 


the place of obſervation; Ps, the co- declination 


of the ſtars; and the angle Ps Z oppoſite to one 
of them, which is the ſupplement of Ps S (laſt 
found) to 1802 : from thence find the angle PZ s 
oppoſite the other fide, by the following propor- 
| tion, 1 [5-977 { e CAT EW. $201 | 


Sine r PZ : ſine F: fine P Z s, either acute 


or obtuſe. 


This angle PZ s, meaſured by the arc of the 


| horizon VO, is therefore equal to the horizontal 
diſtance of the vertical of the two ſtars from the 


meridian. ' Let the direction of the vertical be 


taken by a plumb- line and diſtant light, as before 
directed, or by two plumb-lmes, and marked on 
the ground. Next day; the degrees and minutes 
in the arc VO may be added to it by Hadley's 
quadrant, and a pole ſet up there, which will be 
in the direction of the meridian from the plumb- 


* Two arcs, or-angles, are ſaid to be like, or of the ſame 
kind, when both are leſs than go®, or both more than go? ; 
but are {aid to be unlike, when one is greater and the ether 
leſs than 90? : and are made like, or unlike, to anether, by 
taking the ſupplement to 180 of the arc, or angle, produced 
in like proportion, in place of what the proportion brings 


f 


out, | . 


3. Laſt, 


\ * 
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. Laſt, in the ſame triangle Ps Z, find the 


— sP Z between the * wing by, the. l 


low ing proportions. 
As Radius 


V o the tan. of the given 1 0 8 2 
So 15:the co. 5. of the adjacent f fi de (P * 
Jo the co. I. of M. 

M. is. acute, if the given angle and it 3 


ſide are like; but obtuſe, if the ee. nie and. 
the adjacent ſide are unlike. mY 


* \ \ 5 


P 8) xt 
. 45 to the co. 1 9 the other hi ide (P 2), 
So is the go. 5s. M 


” n 


Jo the co. 5. of an angle, . _ call N. 


N. is like the ſide oppoſite the given angle, if 11 ; 
angle is acute; but unlike the ſide oppolite the 


given angle, it that angle is obtuſe. 


Then the required angles P Z is 600 equal 
to the ſum or difference of M and N, as che eien | 


ſides are like or unlike. 


The angle s P Z, thus „ 0 8 PS, 
and their ſum ſubtracted from 1 809, will leave the 
angle d P Q, or the arc. dQ chat meaſures it, 
which ; is the arc of the equator the ſtar 8 muſt paſs. 


over in coming from the vertical, Z V, to the 
meridian. Which converted into time, and mea 
ſured by a clock, or watch, beginning to reckon 


the preciſe moment that a plumb. line cuts both 
ſtars, will ſnew the hour, minute, and ſecond that 


S is on the meridian. 


Find, by the right aſcenſion of the ſtar and fin 
at what time that ſtar ſnould come to the meridian. 


in the north the night of the obſervation; ſubtract 
from it the time the ſtar takes from the vertical ro 


the meridian, and the remainder, corrected by the. 


ſun's equation, will be the time when the twoſtars 
were in the ſame vertical, The 


. 


As the co. 1. of the Joe adjacent 10 the given ack 


— 
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The loweſt of the twa ſtars comes ſooneſt tothe 
meridian below the pole; the higheſt of them 
cComes ſooneſt to that part of the n which 
. is above the pole. | th 
The nearer in time one of the ſtars is to the me- 
ridian when the obſervation is made, it is the bet- 
ter: for then an ordinary watch will ſerve to mea- 
ſure the time ſufficiently exact. It is ſtill more 
advantageous if one of them is above the pole when 
| the other 1s below it. 
The nearer one of the ſtars is to the pole, and 
the farther the other is from it, the more exact 
will this obſervation be; becauſe the change of the 
vertical will be the ſooner perceived. For this 
reaſon, in north latitudes, ſtars northward of the 
zenith are preferable to thoſe that are ſouthward 
N. 
If the two ſtars are paſt the den when they 
are obſerved in the ſame vertical, then the arc d Q 
gives the time S took to come from the meridian 
to the vertical; and muſt be added to the time 
when that ſtar was on the meridian to pive the 
time of the obſervation : and the arc of the horizon 
V O- muſt be marked on the ground on the ſide of 
, the vertical, contrary to what it would have been in 
„ foregoing ſuppoſition; that is, eaſtward below 
the pole, and weſtward above it. 
When two ſtars come to the vertical line near 
he meridian, it may be difficult to judge on 
which fide of it they are at that time; for deter- 
mining this, the following rules may ſerve. - 
The right. aſcenſion of two ſtars may be either 
each leſs, or each more than 180 degrees, or one 
More and the other leſs. 
When the right aſcenſion of each of the ſtars is 
either leſs, or more, than 180 degrees, they will 
| come to the ſame vertical on the "eaft Ade of the 


meridian 


"_ a ad PR. Ei... * 


— 
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meridian when the ſtar with the preateft right aſcen- 


ſion is the Joweſt ; but on the, wee, of or me- 
ridian when it is bigbeſi. 

When the right aſcenſion Seng che Aare i is more 
than 180 degrees, and that of the olber leſs. 

If the right aſcenſion of the higheſt is leſs than - 
1809, but greater than the —— of the other's 
right aſcenſion above 180% then they come to the 
vertical on the eaſt-/ide of the meridian. But if 
the right aſcenſion of the higher ſtar is leſs than 
that exceſs, they come to the vertical ” the: aj 
fide of the meridian... 

If the right aſcenſion of the higher fine) — 
than 180 degrees, and that exceſs is 44% than the 
right aſcenſion: of the. lower ſtar, then they. come 
to the vertical on the weſt-/ige of the pay ee but 
if the exceſs of the higher ſtar's right aſcenſion 
above 1 800 is are than the right aſcenſion of the 
lower ſtar, then they come to the ſame verticahow 
the, eaft-/ide of the. meridian. . 90151: 92 

Cask 2. Whenithe two flars are in the Rake ver- 
tical foutInward of the zenith.. Plate 16, g. 3. 

When two ſtars are obſerved in the ſame; — 
line ſou/ hard of the zenith (or toward che depreſſed 
pole), the operations and ſolutions are neatly the 
ſame as in caſe 1. For let PZ O be a meridian,. 
Z. the place of obſervation, O H it's horizon, 
Z Va vertical circle paſſing through the two ſtars. 
Sand s, P the pole, QE the equator, P D and 
Pd two circles of declinauion (or right aſcenſion). 
pr through the two ſtars reſpectively; then is 

P the co-latitude of the place, PS and Ps the: 
c>-declination ; of the two. ſtars: reſpectively; the- 
angle S Ps the difference of their right aſcenſions;: 
the angle SZ Q.(or. OV the arc, of the horizon 
which meaſures it) the diſtance of the vertical from 
the meridian; the — 8 PZ 0 or d Q which mea- 


[ures 


» 
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ſures it) the are of the equator, which s muſt paſs 
over from the vertical to the meridian, which con- 


verted into time, and meaſured by a. watch, will 
ſhew when s is on the meridian; and ſubtracted from 


the calculated time that the ſtar ſhould come to 
the meridian, will (when corrected by the ſun's 
equation) give the true time of the obſervation: 
S Ps is the triangle to begin the ſolution with; and 
in the triangle s PZ, the angles s P Z and s 2 4 
when found, will give the ſolution of the problem, 
as in caſe 1. For the ſupplement 8 ZP to 1800 is 


the angle V Z O (or it's meaſure O V) the hori- 


zontal diſtance of the vertical from the meridia 
the angle s P Z (or it's meaſure d Q) is 95 

equatorial diſtance of the vertical from the me- 
ridian: for all which the ſolution 1 in caſe I, pro- 
perly applied, will ſerve. . 


On the ſouth ſide of the zenith, Wh the'þis pheft 


of the two ſtars has the leaſt right aſcenſion, they 
come to the fame vertical on the eaft-/ide of the 


meridian ; but when the ' higheſt ſtar has the 


gd greateſt right aſcenſion, they come to the ſame ver- 
tical on the weſt-/ide of the meridian. © 


* PrRoBLEM. How ſo find the ſun s amplitude at rife ing, 
er ſetting, and from thence the variation of the mage, 


netic needle, with an azimuth compaſs. 

Make the needle level with the graduated cir- 
def in the box. Then, when the ſun's lower edge 
is a ſemidiameter above the horizon, take the bear- 
ing of it's center (from the N. or S. whichever is 


neareſt) through the ſights, making the thread bi- 


ſect the ſun's diſk, and that ſubtracted from 90 


will be the ſun's magnetic amplitude, or diſtance 
from the E. or W. pore; by the needle. © 


Next, calculate the ſun's true amplitude for that © 
yy be 87 ne N 1 " h 
6 * * 


þ + * 
A * 
„ 0 4 * 
ö - 


71 
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As, the coſine of the latitude, ee 


2 70 radius ; TA Bs 

S0 its the Jin ne H. the fur 5 lain, 47 luis * 
riſing "8; 5 

To the fine of bis amplitude ou the W. or E. 


418 


Which will be N. or. S. as the ſun's gern eri 3 


N. or S: and the diſtance in degrees and minutes 
between the true E, or W. and the ace en is 
the variation of the needle. 

An eaſy and ſure way to prevent miſtakes, 
which the unexperiencedare liable to in this calcula- 
tion, is, to draw a circle by hand, repreſenting the 
viſible boundary of the horizon, and on it to mark 
the ſeveral data by gueſs; then by inſpecting the 
figure it will eaſily appear how. the, variation is to 
be found, whether by addition or ſubtraction, and 


on Which ſide of the north it lies. For example: Cn, 


Plate 16, fig: 5. Suppoſe the variation was 
ſought at ſun-ſetting. Draw by hand. a. Circle 
NWS E, to repreſent your viſible horizon: in 
the middle of it mark the point C, for your ſtation: 
from C, draw the line C W, to repreſent the true 
weſt; then on the north or fouth {ide of that line, 
according as the ſun ſet northward or ſouthward 
of the true weſt, draw the line C O, repreſenting 
the direction of the ſun's center at ſetting, and 
another line C w, for the magnetic weſt, either on 
the north or ſouth ſide of O, as it was obſerved to 
be, and art it's judged diſtance. Then by ob- 
ſerving the ſituation of theſe lines, it will. eaſily 
occur whether the magnetic amplitude and true 
amplitude are to be added, or ſubtracted, to give 
the variation; and on which fide of the true north 
the variation lies. In the preſent ſuppoſitign, WO 
Is the. magnetic Applizude, and G W the true 


R 5 amplitude; 
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amplitude; 1 © W therefore muſt be ſubtracted | 


from © w to give w W the diſtance of the one 
from the other: and n, the magnetic N. go deg. 


from W. muſt be weſtward of N, the true 
north. 


This method is ſufficiently exat for finding the 


variation ; but it is not exact enough for fixing a 
preciſe meridian line: becauſe of the uncertainty 
of the refraction, and of the ſun's center: but if 


the ſun aſcends, or deſcends, with little obliquity, 


the error then will be very little. 


How to find the ſun's azimuth, and from thence 10 | 


find the variation of the needle. 


Firſt, let the latitude of the place be exactly 


found. Next let che quadrant be carefully adjuſted 
for obſervation. Then, two or three hours be- 


fore or after mid- day, take the altitude of the ſun's 


center as exactly as poſſible, making the vertical 
wire of the teleſcope biſect the ſun's diſk; and, 
without altering the plane of the quadrant in the 
leaſt, move the teleſcope eric till you ſee 
ſome diſtant ſharp object on the land, exactly at 
the vertical wire; and that object will be in the 
direction of the ſun 's azimuth when the altitude of 
it's center was taken. If no ſuch object is to be 
ſeen, let a pole be ſet up in that direction, about 
half a mile off; or as far as can'be ſeen eaſily. 
Next calculate the ſun's azimuth by the ollow- 
tene 
Add the complement of che latitiide? he ch 
planditt of the altitude, and the complement of 
the ſun's. declination to 90® to ogether, and take the 
half of that ſum, and note it 
lement of the declination from the Half ſum, 
ang? TRE on remainder'; then take the comple- 


ment 


down: ſubttact the 
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ment arithmetical * of the fines of the complement 
of thealtitude, and of the complement of the lati- 
tude, and add them together, and to them add the 
ſines of the fore mentioned half ſum and remainder: 
half the ſum of theſe four logarithms is the co- ſine of 
half the azimuth required. Therefore find by the 
tables what angle that co-ſine anſwers to; double 
that angle, and that will be the un azimuth 
from the north. wr Tanlivatar era 
If the ſun's declination | is 8. in Neb.” 5 or 
N. /outh latitude ; in place of taking the comple- | 
ment of the declination to 900, add 90⁵ to it, and 
proceed as before. | by 
In ſouth laritudes the azimuth i is Pad] in the 
ſame manner; only, the ſun's woah 5 found. 
from the 8s. ä 
- Then, to find the variation, place your needle 
below the center of the quadrant, ſet it level, and 
find how many degrees the pole, or object, in the 
ſun's azimuth, bears from the north by the needle; . 
and the difference between that and the azimuth 
found by calculation, is the variation of the needle 
ſought. 
if the ſun aſcends, or deſcends with little ob- 
liquity, a meridian line may be fixed pretty 
exactly this way, becauſe a ſmall inaccuracy in the 
altitude of the ſun's center, will not be ſenſible in 
the azimuth. But when the ſun does not riſe high 
on the meridian, this method is not to be relied 
on when great exactneſs is neceſſary; for then 
every inaccuracy in latitude, altitude, and refrac- 
tion, 


* The complement 1 of a logarithm is found 
thus: begin at the left-hand of the logarithm, and ſubtra@ 
each figure from q, and the laſt figure from 10, ſetting down 
the ſeveral remainders in a line, and that number will be 
* arithmetical complement required. 
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tion, occaſions ſeverally a greater error in the azi- 

muth. To mark the meridian line on the ground, 
hide the center of a theodolet, or Hadley's quad- 
rant, where the center of the quadrant was when 
the ſun's altitude was taken, and putting the index 
to the degree and minute of the azimuth, direct 
(by waving your hat towards one fide, or the other) 


a pole to be ſet up, making an angle with the for- 


mer pole placed in the azimuth, equal to the ſun's. 
azimuth found;. and that laſt· placed pole will be 


in the meridian, ſeen from the center of the 


quadrant. 


N. B. The ſun's ciation 3 in the wales ook | 


be corrected by the variation ariſing from the dif- 


ference of the time between your meridian and that 


g 


of the tables; and alſo for the variation of declj- 


nation for the hours before, or after nooh, at which 


the ſun's altitude was taken. 


The two laſt problems are conſtrued and 1 


plained in every treatiſe of navigation; it is there- 
fore needleſs to be r more partie ular woe 


e 
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1 


* 


PRACTICAL GEOMETRY* 
4 ; 3 ; "IT: Fae & OT In + 4 


On nn dong 

By Isaac LanDMAN, PROFESSOR or FORTIFICA- 

TION AND ARTILLERY; TO THE Royal, M- 
LITARY ACADEMY. AT WooLwic, 9 


N : 


I is as caſy ta trace geometrical figures on he 
A ground as to deſcribe them on paper; there is, 
however, ſome ſmall difference in the mode of 
operation, becauſe the inftruments are different. 
A rod or chain is here uſed inſtead of a ſcale z the 
ſpade inſtead of a pencil; a cord faſtened to two 
ſlaves, and firetched between them, inftead of a 
rule; the ſame cord by fixing one of the ſtaves in 
the ground, and keeping the other moveable, anſwers 
the purpoſe of a pair of compaſſes; and with theſe 
few see every geometrical figure neceſſary 
in Bothe may be eaſily traced on the ground. 
| PROBLEM I. To draw upon the ground a ſtrait line, 
through two given points, A, B, fig. 1, plate 27. 
Plant a picket or ſtaff at each of the given 
points A, B, then fix another C between them, in 
"2 8 Ff 2 e 


I have been obliged to omit in this courſe, fo liberal] 
communicated by Mr, Landman, the calculations that illuf 
trate the examples; this, I hope, will not in the leaſt leſſen it's 
uſe, as this work will fall into the hands of very few whe 
are ignorant of the nature and application of legarithms, . 
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ſuch a manner, that when the eye is placed ſo as to 
ſee the edge of the ſtaff A, it may coincide with the 
edges of the ſtaves B, and Cc. 

The line, may be prolonged by taking out the 
ſtaff A and planting it at D, in the direction of B 
and C, and ſo on to any required length. The 
accuracy of this operation depends greatly upon 
fixing the ſtaves upright, and not letting the eye 
be too near the ſtaff, from whence the bfervation 
i ade, 0-7 2 077 © 97.7 OOARE ©; Ap 4760 

PROBLEM 2, To meaſure à flrait line. 

We have already obſerved, that there is no ope- 
ration more difficult than that of meaſuring a ſtrait 
line accurately; when the line is ſhort, it is gene- 
rally meaſured with a ten foot rod; for this pur- 
poſe, let two men be furniſhed with-eath a ten foot 
rod, let the firſt man lay his rod down on the line, 
but not take it up till the fecond' has laid his down 


9 * 7 


on the line, ſo that the end may exactly coincide 
with that of the Hit tod; now let the'firft man liſt 
up his, , and,coudt one, and then lay it down at 
the end of the ſecond rod "the ſecond Than is now 
3 R ts 70 Bs OT ES, TR A1 
to lift up his and count two, and thus continue till 
the whole line is meaſured. ” Staves/ ſhould be 
placed in a ſine at proper diſtances from enen other, 
by problem fe t0 prevent the operators from going 
out of the given line. e Hwa, mts we Moth 


When the line is very long, 4 Chaip is generally 
uled; the manner of 'uling th Thain has been 
d d 7 ib d. eienr. 36: 9TH 747 a0 
already deſcribed, page 203. Vu. 
PROBLEM. 3. To meaſure diſtaness By paciug, and 
# ood ng nr 29rtetiih ied. "of 
to make, a ſcate of pares, which Fall agree With another, 
n containing faibon, yaras, or Jeet. © 
In military concerns, it is often neceſſary - to 
take plans, form maps, or .procvre the ſketch of a 
field of battle, and villages of cantonment, or to re- 


connoltre 
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connoitre fortified places, where great accuracy is 
not required, or where. circumſtances will not 
allow the uſe of inſtruments; in this caſe, it is 
neceſſary to be well accuſtomed to meaſuring by 
the common pace, which is eaſily effected by a lit- 
tle practice; to this end meaſyre, on the ground 
300 feet, and as the common pace is 21 feet, or 


120 paces in 300 feet, walk over the meaſured 


| ſpace till you canfiniſh itin 1 20 paces, within a pace 
, i) oY 13. ra „ 
Example. Let us ſuppoſe that we have the 


map of a country containing the principal objects, 


as the villages, towns, and rivers, and it be neceſ- 
ſary to finiſh it more minutely by laying down the 
roads, ſingle houſes, hills, rocks, marſhes, &c. 
by meaſnring with the common pace: take the 
ſcale belonging to the map, and make another re- 
lative to it, (in the following manner,) whaſe parts 
are paces. Let the ſcale of the map be 200 fa- 
thoms, draw a line A B, fig 3, plate 27, equal to this 
ſcale, and. divide it into 4 equal parts, AC, CD, 
&c. each of which will repreſent 50 fathoms; bi- 


ſet A C at E, divide A E into 5 equal parts, Ac, 


e f, fg, &c. each of which will be 5 fathoms; 
draw GH parallel to A B, and at any diſtance 
therefrom; then through. the points of divifion A, 
e f, gh, E, C, &c. draw lines perpendicular to 
A B, and cutting G H, which will be thereby di- 
vided into as many equal parts as A B, 200 fa. 
thoms at 24 feet per pace, is 480 paces ; there- 
fore write atH, the laſt diviſion af G H, 480 paces, 
at I 360; at K 240, and ſo an. Jo lay down on 
the plan any diſtance meaſured. in paces, take the 
number of fathoms from the line A B, correſpon- 
ding io the number of paces in G H, which will 
be the diſtance to be laid down on the plan, 
891115 „ When 
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When plans or maps are taken by the plain 
table or ſurveying compaſs, this is an expeditious 
methad of throwing in the detail, and a little Prac- 
tice foon renders it eaſy. 


A Table for reducing the comp pace of 2 21 feet, 
into feet and inches. N 


— — 
Feer In. P. Feet. In. E. Feet. I ©, E P. Feet I. 


152 6 
155 of 
157 6 
pf ol 
—— 
162 6] 
165 of 
167 6} 


aA. 


N 
A 
[ee o OM ICO Ge n 


Diſtances of” a certain extent hay = e e 
by the time employed in pacing them; to do this, 
a perſon muſt accuſtom himſelf to pace a given 
extent in a given time, as 600 paces in five mi- 
nutes, or 120 in one minute; being perfect in this 
exerciſe, let it be required to know how many paces 
it is from one place to another, which took up in 
pacing 1 hour and , or 75 minutes. Multiply 75 by 
120, and you obtain 120 the meaſure required. 

This method is very uſeful in military operations; 
as for inſtance, when 1t is required to 15 the 
itinerary of a country for the march of an army, 
or to find the extent of a field of battle, an en- 
campment, & It may be performed very well 
on horſeback, having firſt exerciſed the horſe ſo 
as tO make him pace 4 given ſpace in a determinate 


time, 
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time, and this may be effected in more or leſs time, 
according as he is trained to walk, nt or gallop 
che original ſpace. IG 

PROBLEM 4. To walk i in a frais line from 4 pr 
poſed paint lo à given obe. 

Suppoſe the point A, fig. 2, plate 275 to be the 
propoſed point from whence you are to {et out, B 
the given object, ue another point C, as a 
buſh, .a ſtone, or any mark that you can find in a 
line with B; then ſtep on in the direction of the 
two objects B, C; when you are come within 10 
or 15 paces of C, find another object D between 
C and B, but in a line with them; it is always 
neceſſary to have two points 1 Wa 58 in view, in 
order to walk in a ſtrait Une. 1 

This problem i is of great vſe ir in eure ads - 
tances, and ſurveying by the pace; e he in 
reconnoitring either on foot oron horſeback. It may 
alſo be uſed when a battalion i is ordered to take a 
poſition at the diſtance of 3. or 400 paces, | 
rallel to that in which it is ſtanding ; to effect this, 
let two non-commiſſioned officers; ho are well ex. 
erciſed in the practice of this problem, ſtep out 
from the extremities or wings of the battalion, 
place themſelves ſquare with the front of the bat- 
talion, then” fix upon two objects ſtrait before 
them, und on à ſignal given, ſet out and ſtep the 
required number of paces, then halt, thus becoming 
two guides for 0 . the battalion. 

Fibizid 8 inet, ace 1 E, F. 'Letareen ta 

ven points A, B, plate 27. 

þ ok . 15 two perſons, with each a 
pole in his hand, ſeparate about 50 or 60 paces 

from each other, and then meve on till the 
Are ſituated in the direction A, B, i. e. ſo that = 
- perſon at C may ſee the point D in a direction 
Ff4 with 
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with B, at the ſame time that the perſon at D ſees 
Cin a direction with the object A. 

Method 2, fig. 5. To perform the n with 
one perſon. n 

Take a ſtaff O F, fig. 5, plate 27, 3 or 4 feet 
long, flit the top thereof, and place a ſtrait rule, 6 
or / inches long, in this Alt: place this inſtrument 
between the two points, and ſee if A and B coin- 
cide with E, then view D from B, and if A coin- 
cides therewith, all is right; if not, move the rule 
. or backward till it is in the direction of 
D, 

PROBLEM 6. To raiſe a Arber from a point 
C, tothe given line A B, fig. 6, plate 27. | 
Set off two points E, D, in A B, equity diſtant 
from C; fold a cord in two equal parts, place a 
Raff in the middle at F, faſten the two ends to the 
ſtaves E and D, then ſtretch the cord tight, and the 
point F will be the required point, and the line 
C F will be perpendicular to A B. 

PROBLEM 7. From a given point F out of the line 
A B, 10 let fall a perpendicular C 1, fig. 7, plate 27. 

Fold your cord into two equal parts, and fix the 
middle thereof to the point F, ſtretch the two 
halves to A,B, and where they meet that line plant 
two ſtaves as at E, G, divide the diſtance E G 
into two equal parts at C. and the line C F her be 
perpendicular to A B. 

PROBLEM 8. To raiſe a perpendicula B C, at 
the end B of the line B r, fig. 8, plate 27. 

From D taken at pleaſure, 925 with the length 
DB, plant a ſtaff at the point A, in the direction 
- B; lich the ſame length ſet off from D towards 


C, plant a ſtaff C in the direction DA, and B G 
will be perpendicular to F B. 


Meibod 2, fig. 9, Plate 27. By the numbers 3; 
2 | 4, 
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4, * or any multiple thereof. Set off from C to D, 


in the direction C A, 4 feet or 4 yards, and plant 


a ſtaff at D, take a length of g feet and 5 feet, or 


yards, according as the former meaſure was feet or 


yards; faſten one end of the cord at C, and the 


other at D, then ſtretch the cord, ſo chat three 


of theſe parts may be next to the point C, and five 


next to D; plant a ſtaff at H, and CH will be 


perpendicular to CA. 

PROBLEM 9. To draw aline C F, parallel to the 
line AB, and at à given ""_— Jun, a. Fig. 10, 
plate 27. 

At A taken at pleaſure in A B, me a 
dicular A C, then from B taken alſo at pleaſure in 
A B, draw BF perpendicular to AB; make A C, 
B F, each equal to the given diſtance ; plant ſtaves 
at C and F, and in the direction of theſe two, 
plant a third E, and the line CE F will be the 
required line. 

ProBLEM 10. To make an angle abc on the 


ground, equal 10 a given angle ABC. Hg. 11 and 12. | 


plate 27. 


Set off any number of equal parts from B to CG 


and from B to A, and with the ſame parts mea- 
ſure AC; deſcribe on the ground with theſe three 
lengths a triangle a bc, and the angle a be there- 
of will be equal to the angle AB C. 


PROBLEM II. To prolong the line AB, fig. 13, | 


Plate 27, notwithſtanding the obſtacle G, and to hats 
the length thereof. 

Ar B raiſe the perpendicular BC, draw CD per- 
pendicular to BC, and ED to C D, make ED 
equal to BC ; then raiſe a perpendicular E Fio ED, 
and EF will be in a ſtrait line with A B. 

The meaſures of the ſeveral lines A B, C D, EF, 


added together, give the meaſure of the line A F. 


n 7 > roi 5 S : 
— ů —— —— — „ a. 5 — 


. 


* 3% 2 2 
* * Ke 2 2 —— 


5 — a - — * . ew —— _— * 
- F< r . 8 N act. Sas ans 


442 ss Ars ON GEOMETRY, a.. 


; This problem is particularly uſeful in minin 
nos LBG 12. | To draw. à line B C fig; 1 4, plat 
27; Parallel 0 the inacceſſible! fate bio, M ay him 
a, b, a, d, e, in order to place nr pra „chere it 
mil produce ibe greateft et. % 
Place a ftaff at the point A, out of the teach of 
muſket; 1bot;: and in a line with bel: from A draw 
A G, perpendicular to b A; ſet off frotn A to G 
about 375 paces, and at G raiſe G B perpendicu- 
lar to A G, and produce this ling as far as is requi- | 
ſue for placing the battery, i. e. ſo that the direc- 1 
tion of the fire may be _— 1 to one a 
third of the face bc. ) 4 93 | 
* 1 3. a Fo: wi an gle 


„ a vw ww © we} AFG __. 


we ; will 1 n to pagers; to 52 feet! Ge DC : 
be a given line on the paper ; then from G with 36 
equal parts taken from any ſcale, deſoribe the arch 
DH. then with 54 parts from the ſame ſcale, 
mark off the diſtance | DH; draw G H, and the 
angle DG H equal do the angle ABC. 
| PROBLEM 14. To meaſure: from' the outſide an 
e. B C, Vg. 17, Plale 27, yu 'by wo walls 
A Os KN 

Lay. off 30 feet from B to E) u the direction 
AB; and ꝓlant a ſtaff at E, ſet off the fame mea- 
ſure from g to F in the direction B G and meaſure 
F E; and you! may, obtain the meaſurt of your 
angle, either by laying it down Wr as in the 
laſt problem, or byicalculatien: 

PROBLEM) 1's; + To aſcerldin ihe o e an in- 
acceſſtble flanked angle B C D, (fig. 18, plate 27,) of 
ibs RE A BCD E. 


Place 
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- Plate: a ſtaff at F in the direction of the face 


B C, but out of the reach of muſket ſhot ; make 
F G perpendicular to F B, and equal to about Wo - 


paces z at G make G M perpendicular to. G F. 


and produce it till it meets, at H, the direction of ; 
the face D C; place a ſtaff at] in a line with D H. 
and the angle 1 HK will be equal to che required 
ang e BCB, and the value of I H K may be ob- 
. by problem ; 
PROBLEM 16: - To aſtertain the length of the line | 
AB, hg. 19, plale 27 acceſſible only at the 1200 er. 


tremities A, B 


Chooſe a point O acceſſible to A and B, draw 
AO, OB, prolong A O to D, and make OD equal 


to AO; prolong B O to C, and make O C equal 


to BO, and CD will be * to AB, the m 
line. 
PROBLEM 17. To lei. fall a perpendicular from the 
inacceſſible point D, upon the right line A B, hg. 21, 
plate 27. 8 
ö From A and B, draw AD, BD, let fall the per- 
pendiculars A H, B F, upon the ſides A D, BD, 
plant a ſtaff at their interſection C, and another E. 
in the direction of the points C, D, and EC D 
will be the required perpendicular. 

PropLeM 18. To find the breadth A B, of a 
river, ſee fig, 20, plate 27. 

Plant a ſtaff at C in a line with A B, ſo that B c 
may be about 3 of the length of AB, draw a line C E 
in any direction, (the longer the better). Set up 

a ſtaff at D, the middle of CE, find the interſec-. 

tion F of E B, D A; draw D G parallel to BC; 
meaſure B F, F E; and you will find A B by the fol- 
TORE oportion, as FE-BF:3BCor DG:: 

Inacceſſible diſtances may be obtained i in other 


modes, 


diface AB, Pa th. e 8 
rem ibe bead of ihe, Ir enches 4 B. 76 
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modes, when circumſtances 0g t 
Penne. a8 in the following robl 
Fo Let i 8 equi 


22, plate, 27. 4 7 
Draw B E. beg A and 1 5 off ſeven 
B to E 100 feet, produce BE. 15 6. and take EC 
equal one eighth or tenth part of BE; at C raiſe 
the perpendicular C D, plant ſtaves at E and C, 
then move with another ſtaff g n C D, till this ſtaff 
18 in a line with Eand 8 'V feafiire C D, and you 
will, obtain the length of A B by che — 
Nene e EC: ON. BE: AB; thus if BE= 
190 feet, EG 10 fect, and. C Ds 8 te then as 
100: 38. 380 feet, the diſta ce 0 A B. 


10 | 
Hegele 20, To mea) 7 zſure | ure the 514.9014 diflance 


AB, Ig. 23, plate 2%. 


Plant a ſtaff at C, a point from hene you can 
readily ſee both A and B. By the preceding ue 
blems, find the length of C A, CB, make ( 
many parts of CA, as you do CE of C B. and) join 
DE; then as CD: DE: CA:: A B. 
i P01 LEM 21. Jo delermine the dirttriun of the 
capital of @ baſtion produced. Fig. 24, plate 27. 

Upon the produced lines B D, B E, of the two 
faces (© B, AB, A the ſaves Eand D; find the 


- lengths 


.* An eaſy . of finding the diſtance of forts, or other Gen 
If you go off at any angle as go, and continue in that direc- 
tion until you bring the object and your 1ſt ſtation under an 
angle of 63, the diſtance meaſured from the 1ſt ſtation, is 
equal to halt the diſtance the objett is from your firſt ſtation. 


But ſhould the ground not admit of going off at an angle of 


90, go off at an angle of 45, and whatever diſtance in that di- 
rection you find the object and the 1ſt ſtation under an angle 


of 1064, is half the diſtance of the object aud 1ſt ſtation. See 
alſo Pa 213 of thele ellays. 


ee, 7 
yer ah 
ts A, fe. 


1 
] 
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11 1 FR Anden fs 00 
lengths, of E f g e by problem. 19, Abd 
meaſure v3 ; as the 8 GB, div 5 
the angle 0 105 10 OF pang EB 54 to ty: ö 
equa 18 Fab LR DB: B E DFH ER 
and as D "DE. EF, 1d con- 

e 


7 05 


pate K.“ wy We 8 1 me 
e ny point D at ple leaf 5 hug 5/6 nd ag point” 
in the e at Oe E de time ip be 


ne wit m. x draw Par krallellt 


[through draw. GF, ey ro K. 5 


"TIE | 2 
Dae” in F. * 4 ant A. taff at A1 in the lin 
F A, and 2 


| ſequenth ER 0 Ta uy e thy 
br 


tion 0 oduc Nr 
ene pug 2b th Mt 1% Lo . 


E G, fot 405 1 may e in a ine with 
line I. H. C, 


will be parallel) to, Men ck 73 
regte 8. bee vi, AL a place A, B,C, 
D, 1 - 26. | 270 lale 14 55 277 ni lar 105 es, 

„ Mete Ly ti bs 5 5 . 
uy caſure the lines , 900 DD, 
EA, 8 A the. R 0 rained! 0 
correſpo e 4 b, be, cd, 9254 ca, 


9 e, diagonal. 
and ee Al f 127 1 3 
figure wil be re ed to triangles whoſe | 
known. 4. To obtain a 6 of the buildings, 
meaſure B. G, \B F. GH, IK, F. Ne 0 
write down Fw meaſures on the {ketch. g, 
ceed in de fa 9 f With 1 aderp 


5 ? 


equal parts. 58 ga, 104% 10 . $a TC + OF, N 97 3 9 K 41 ir af 
Prone 24. . take a plan of 4 wood, or may; 


ground, * wah round about it,” Ig. 28 and 29, 
Make 


plate 27. 


Logs tolls La 4 


, drawn wc Me peine Y, K 
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Make a rough ſketch, fix. 29, of the wood, ſet 
ſtaves at the angular points, ſo as to form the 


| nere lines AB, BC, CD, and meaſure 


cheſe lines, and ſet down the meaſures on the cor- 
reſponding lines in the ſketch, then find the value 
of the angles by problems 13 and 14. | 


PROBLEM 25. To lake a plan of a rivers fig 30; 


and 31, plate 27. 
1. Draw a ſketch of the river. 2. Mark out a 
line AB. 3. At C upon AB, raiſe the perpendiculat 


CH. 4. Meaſure A C, C H. 5. Meafure from C 


to D, and at D make Dl perpendicular to A h, 
and meaſure DI. 6. Do the ſame the whole 
length of A B, till you have obtained the principal 


bendings of the river, writing down every meaſure 


when taken on it's correſponding line in the ſketch, 
and you will thus obtain ſufficient data for drawing 
the river according to any proportion. 
 ProBLEM 26. To Yake a plan of the neck of land, 
A, B, C, D, E, F, G, fig. 32 and 33, plate 27. 
Take a ſketch of the ropoſed ſpot, divide the 
figure into triangles ABC, AC ACD, ADE, AEG, 
by ſtaves or wy. placed at the points A, B, C, D, 
E, F, G, meaſure the ſides AB, BC, AC, CD, AD, 


AE, AF, FG, AG of the wow i. writing 
nding lines 


down theſe meaſures upon the corre 
ab, bc, ac, &c. then meaſure A H on AB, and 
at H raiſe the perpendicular H I, and meaſure it's 
tength ; do the ſame at K, M, Kc. writing down 
the meaſures obtained on their correſponding lines 
a h, hi, i k, kl, &c. Proceeding thus, you will 
aſcertain a fufficient number of points for laying 
down your plan by a ſcale of equal parts. 


f 
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* 7 Paucgieur Ta HAT. 1 29 15 d 

FA4S 4; 59 140 9 

eg 90 W Herta . be; bt 4 Al. 
"ys Ng. 34; 


A dSio5tp1 aa; LOTS 
EEE nom. he foot of the bal. | 
acute nor obrdle,) | thus, Tapper K. EF 130 beer, 


place your theodolet at D, and meaſi ure the 
ADC = 34" 5©'... 8. A 4 N in '© 
| Then as radius, Jo e e 0 ee 
To tantzent 34 N f Io 344 
So is EF=150 fa, * de; „e bow" n G 


To A C. er N k tins 
Which by vidrking the proportion, you vill, ind 
to be 89 feet 66 parts, or 8 2 792 inches, 40 
which adding 4 feet for D E, or it's equal CE. 

you obtain the Lee height 93 feet 7.0 inches. 

Pos ale 28. To find the angle farmed by the line 
of aim, and the axis , a piece f ordnance. produced, 
the calliber. and dimen Os 4 the Piece Xi) Karen. 
Fig. 36, plate 28. 

Suppole the line BI 10 be drawn. throughB, 
the ſummit of the ſwelling of the muzzle, and 
rallel to CD the axis of the piece; the ang A 
will be equal to the angle A EC, formed WE the 
line of aim A F, and the axis CD; then ; in 
right-angled triangle A 1B, we have the ſides A 1, 
and B I, to find the angle AB I, which we obtain 
by this proportion; as IB: AI:: radius, 8 
of angle A B I. equal to A E C required. 
Past 29. The elevation (3 degrees) of, a licks: 
twelve pounder being given, to ſind the height t which- 
the line of aim riſes at the diſtance -of 1200 yards,. 
bbich is about the range of a twelve pounder, with an 


elevation of 3 degrees. Fig. 35, plate 38. 
Ihe line of aim (which we ſuppoſe to be found 


by 


448 ESSAYS ON GEOMETRY, &. 


of a light twelve pounder, 1 24, will make with 
the horizon an angle of 1* 36' ; thus, the: 


ſecond fide of a right-angled triangle, where the 
angle adjacent to the fide of 1200 yards is 10 36 
and may therefore be obtained by the following 


proportion; as radius, to the tangent of 10 36ʃ, ſo i 5 


ProBLEM 30. The firſt embraſure A, fig. 36, 
plate 28, of a ricochee battery being direci, to nd tbe 
inclination of the ſeventh embraſure B, i. e. be angle 
formed by the line of direction B C, and the: breaſt 
work A B, at the ſeventh embraſure A B; it is ap. 


1200, to 33 yards 1 foot 6 inches FG. 1 f 
95 


Poſed that all the pieces are directed towards a print 


C. at the diſtances of 1 500 feet. 


The line of direQlicn A C of the firſt embraſiite,). 


is ſuppoſed to be perpendicular to the breaſt 
work A B; therefore we have to find the angle 3 
ABC, of the right-angled triangle BAC, in 
which the right angle is known AC 1500 feet, 
and A B is determined by the ſize, the diſtance; 
and number of embraſures; thus ſuppoſe the diſ- 
tance from the middle of one embraſure to another 
be 20 feet, this multiplied by 6, will be 120 feet, 
and equal to A B; then as A B to A C, ſo is e 
io the tangent of ang le ABC. SAA en 
PROBLEM 31. An the hurler D D E, fig. 37; plate 
28, is always perpendicular to the direding line 
of the gun, and as at leaſt one end of it ought to 
be laid againſt the breaſt work, it will make an 
angle ABF, which was found by the preceding 
8 to de 8526“; therefore knowing the 
E th DE of the hurler, and conſequently it's half 
DF, it will be caſy to calculate the oe + F 
lrom 


by the preceding problem) forming with the axis 


hei ght at 
the horizontal diſtance of 1200 yard, Will de the 


eſs, fn gy” a ww my, — 2 BY 22 


er Hd es 


— . — 


— > on 
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trom the breaſt-work where the middle F of the 
hurler ought to be placed; upon the line of direc< 
EEE oO OT 9 PO 
PROBLEM 32. Td aſcertain the beight of a building, 
fig. 38, plate 28, from a given point, from whence it 
is impalſible lo meaſure a baſe in any direction, the points 
A and F being ſuppoſed to be in the ſame burizontal line. 

Meaſure the angles CED, AED, let CED be 
equal 33* 12, the angle A E D equal 2 26 and 
the height EF from the center of the inſtrument 
to it's foot, 5 feet; then in the right-angled tri- 
angle A DE we have AD EF= gg feet, the 
angle DE A = 26 26' to find D E, which may be 
obtained by the following proportion, as radius: 
dotangent of angle DEA, ſo is AD to DE 118 
feet; then in the right-angled triangle CDE, we 
have DE 118 feet, angle CE D 33 12 to find 
C D, which is found by the following proportion, 
as radius to tangent of angle CE D, join DE to 
DC, 77 feet, which added to EF 5 feet, is 82 
feet, the height of the towef. Vb 
PROBLEM 33. The diſtance A C, fig. 39, plate 
28, (135 7oiſes) from the point C, to the flanked angle 
of the baſtion being given, and alſo A B (186 toiſes) 
the exterior ſide of the polygon, to find B C. 

1. Find the angle B by the following propor- 
tion; as A B is to the line of angle C, fois A C to 
the fine of angle B, 390 8“; becauſe it is plain from 
the circumſtances of the caſe, that B muſt be acute, 
and therefore angle B A C is alſo known. 2. BC 

is found by the following proportion, as ſine angle 
C is to A B, ſo is fine of angle BA C: BC, 213 
toiſes 3 feet. 1 N 

PROBLEM 34. To find the beigbt of the kullding 

AC, fig. 40. | | | 
Gg 1. At 


£9. 


. 
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1. At By meaſure the angle FBC in the direc 


tion FB. 2. Set off any diſtance B D as a baſe. 
3. Meaſure the angle BD C, C BD is the ſupple- 


ment of FBC, and B CD is the ſupplement of 
EBD4BDE.._ : ES 


| Then as fin. 4 BCD: BD::CD B: BC, BC 


being found, we have in the right-angled triangle 
FBC, the {ide BC and angle FB C, to find FC, 
which is found by this proportion ; as radius to fin, 
angle FBC, ſo is B C: F C, FC added to A F, 


the height of the inſtrument gives the height of 


the tower. e ee | 
PROBLEM 35. To aſcertain the diſtance between 
vo inacceſſible objects, C, B, fig. 41, plate 28. 

1. Meaſure a baſe AB, from whoſe extremities 
you can ſee the two objects C, D. 2. Meaſure the 
angles CAB, DAB, DBA, CB A, CBD. z. In 
the W N BAC, we have the ſide A B, and 
angles AB C, BA C, to find BC, which is found 
4 the following proportion, as fine angle A CB: 
AB:: fine BAC: BC. 4. The angles CAB, 
CBA, added together and ſubtracted from 1 80, 
gives the angle AC B. 5. In the triangle ABD, 
we have the angles DAB, AB D, and conſe- 


quently AD B, and the fide A B, to find BD, 


which is found by the following proportion, as the 
fine of angle ADB is to AB, ſo is the fine of angle 
DAB: BD. 6. In the triangle CB D, we have 
the two ſides B C, B D, and the angle CBD, to 
find the angle C DB, and the fide CD; to find 


CD we ule this proportion, as the ſum of the two 


given ſides is to their difference, ſo is the tangent 
of half the ſum of the two unknown angles, to the 
tangent of half their difference; the angle C DB 
being found, the following proportion will give CD; 
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as 17 angle CDB to B C. ſo is fine angle C B to 
e! od 4 was „ 
PROBLEM gt To draw a line through the point 
B, parallel ſo the macceſſible line C D, fig. 41, plate 28. 
Find the angle BCD by the preceding problem, 
and then place your inſtrument at B, and with 
BC make an angle CBE equal B CD; and EB 
will be parallel to c P. 
Pao 37. To aſcertain ſeveral points in the 
fame direfian, though there are obſtatles which prevent 
one extremity of the line being ſeen from the other, fig. 
42, plate 28. 1 eee 
1. Aſſume a point C at pleaſure, from which 1 
the two extremities of the line AB may be ſeen. - 
| 


* 
* 


2. Meafure the diſtances C B, CA, and the angle 
A C B, and find the value of the angle CAB. 3. 
Meaſure the angle ACD, and then in the triangle I 
A CD, we have the fide AC, and the two angles | | 
DAC, A CD, and therefore the third to find | 1 
CD, and as fine angle ADC to A C, ſo is fine 
angle CAD to CD. 4. Set off CD (making 
with A C an angle equal the angle A C D) equal 
the meaſure thus found, and the point D will be 
in a line with A B; and thus as many more points, as 
G, may be found as you pleaſe ; in ibis manner a mor- 
tar battery may be placed behind an obſtacle, ſo 
as to be in the direction of the line AB. 
Tus alſo, you may fix the poſition of a richo- 
chee battery, M, fig. 43, ſo as to be upon the cur- 
tain A D produced. _ ns 
 ProBLEM 38. To meaſure the beigbt of a bill, 
whoſe foot is inacceſſible, fig. 44, plate 28. i 
1. Meaſure a baſe FG, from whoſe extremities 
the point A is viſible. 2. Meaſure the angles 
ABC, ACB, AC D. 3. In the triangle A B C, we 
have BC, and the angles ABC, AC B, to find 
; RG Gg2 AC; 
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A but as fine angle BAC is to B C, ſo is fine 
angle ABC to AC. 4. In the right-angled tri- 
angle A D C, we have the fide A C, and the angle 
A CD, to find AD; but as radius is to ſine angle 
AC D, ſois AC to A D, the height required. 

PRroBLEM 39. To take the map of a country, fg. 
45, plale 28. 

irſt, chooſe too places ſs remote from each 

other, chat their diſtance may ſerve as a common 
baſe for the triangle to be obſerved, in order to 
form the map. 


Let A, B, C, D, E, F. G. . I, K, be ſeveral re. 


markable objects, whoſe ſituations are to be laid 
down in a map. 
Make a rough ſketch of theſe objects, according 
to their poſitions in regard to each other; on this 
' ſketch, the different meaſures taken in the courſe 
of the obſervations are to beſet down. 
Meaſure the baſe A B, whoſe length ſhould be 
roportionate to the diſtance of the extreme ob- 
«jects from A and B; from A the extremitity of the 
baſe, meaſure the angles E AB, FAB, 6 A B, 
| & AB, DAB, formed at A with the baſe A B. 
From B, the other extremity of the baſe, ob. 
ſerve the angles EBA, E B A, GBA, 7 BA, 
DBA. 
If any object cannot be ſeen From! thi init A 
and B, another'point muſt be found, Gb the baſe 
changed, fo that it may be ſeen, it being neceſſary 
for the ſame object to be ſeen at both ſtations, be- 
cauſe it's poſition can only be aſcertained by the 
interſection of the lines from the' ends of the baſe, 
with which they form a triangle. 
It is evident from what has been already ſaid, 
that having the baſe A B given, and the angles ob- 
ſerved, it will be eaſy to find the ſides, and from 
them 


— 


£ 


 --— 


— 
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them lay down, with a ſcale of equal parts, the 
ſeveral triangles on your map, and thus fix with' 
accuracy the poſition of the different places. 

In, forming maps or plans where the chief 
points are at a great diſtance from each other, tri- 

onometrical calculations are abſolutely neceſſary. 

But, where the diſtance is moderate, after havin 
meaſured a baſe and obſerved the angles, inſtal 
of calculating the ſides, the ſituation of the points 
may be found by laying down the angles with a 
protractor ; this method, though not ſo exact as the 
preceding, anſwers ſutficiently for moſt military 
operations. 

PROBLEM 40. The uſe of the ſurveying compaſs, 
(fig. 3, Plale 15,) in delermining the particulars of va- 
rious objects lo be inſerted in a plan; ſee fig. 46, plate 28. 

The firſt ſtation being at A, plant ſtaves at the 
requiſite places, and then place the compaſs at A, 
directing the teleſcope to C; obſerve the number 
of degrees north A C made by the needle and the 
teleſcope, (or it's parallel line drawn through the 
center of the compaſs) and mark this angle in your 
ſketch, ſee jig. 46 ; obſerve and mark in the ſame 
manner the other angles, north A O, north A P, 
north AQ ; then meaſure A C,' and at the ſecond 
ſtation C, obſervethe angles north C M, north CQ, 
north C 0, north CP, north CD, and ſo on at 
the other ſtations ; in obſerving the angles, atten- 
tion muſt be paid when the degrees paſs 1 80, to 
mark them properly in the ſketch, in order 10 
avoid miſtakes in protracting. 

PROBLEM 41. To raiſe perpendicular and form 
angles equal to given angles by the ſu roeying com paſs, 
fig. 47, Plate 28. 

Let it be required to trace out the field work 
ADC Z, at the head of a bridge. „„ 

G g 3 The 
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The direction of the capital F E being given, 
deſcribe. the ſquare AB CD in the following man- 
ner; place your compals at F, and as AB is to be 
perpendicular to F E, direct the teleſcope to E, 
and obſerve, when the needle 3 is at reſt, the number 

of degrees it points to; then turn the eom paſs box 
upon it's center, till the needle has Jeri an arc 
of 90®, and place a ſtaff in the direction of the te- 
leſcope towards A, and A F will be perpendicular 

to F E; continue AF towards B, and make A F, 
B F, each equal 30 toiſes at E; in the ſame man- 
ner raiſe the perpendicular D C, and make ED, 
E C, each equal 30 toiſes; join DA, C B, and 
you have the ſquare A B CD. 

Make CG, DK, A O, cach equal to 4 of AB, 
through G and K draw the line G K, ſet of G H, 
KI, each equal to of AB or CD, draw the lines 
of defence Ee. H D, place the compaſs at I, and 
the teleſcope in the direction IH; obſerve where 

the needle points when at reſt, and turn the com- 
paſs till the needle has deſeribed an arc of 109, the 
value of the angle L I H of the flank, place a ſtaff 
at L inthe direction of the teleſcope, and at the ſame 
time in the line LH, which gives the length of the 
Fm DL and the flank I L; the face CM and 

ank HM are aſcertained | in the ſame manner. 


Make BQ equal to= of AB, and A R equal ta 
Al and draw DR, c Q, through Z the middle 


pf AD, draw O Z, make RI equal tot AB; at 
I and with T D. form an angle D T U, equal to 
loge; plant a ſtaff at U, ſo that it may be in the 
line 2 O, and at the ſame time in the direction 
U, which gives the flank T U and face O U. 

Make Q S equal 4 A B, at S form an angle CSP 
equal to 120®, draw the line SP, meeting the * 
an 
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ind the line O; U, T. D. ., 1;H, will be the Lin 
of the tete de pont required. > hy 


Tur Usk or rur Praxg TABLE IN Mater 
EY OPERATIONS. 


Pront.a 4%; 'Fo take the plan of a camp, ks, I 
plate 29. 

Place the table at TY where you qan conve- 
niently ſee the greater part of the field, and 
having made a ſcale on it, fix a fine needle 
perpendicular to the table at the place that you fix 
upon to repreſent the point A; the fiducial edge 
of the index is always to be applied againſt the 
needle. 

Turn the plain table ſo that the index may point 
to the object B, and be ſo ſituated as to take in the 
field; then plant a ſtaff at C, in a line with B, 
point the index to the windmill F, and draw the 
indefinite line AF, then point it to K, the right 
wing of the cavalry K L, and draw A K, then to 
L. and draw A L, afterwards point the index to 
the ſteeple I, and then to the points M, O, P, N, 
H, E, G, then draw a line on the table parallel to 


” the north and ſouth of your Nee to repreſent 


the magnetic meridian. 

Remove the plane table to C, planting a ſtaff 
at C, meaſure AC, and ſet off that meaſure by your 
ſcale from A upon the line A C, and fix the nee- 

dle at C; then ſet the index upon the line A C, and 
turn the table till che line of ſight coincides with 
A, faſten the table, point the index to F, and 
draw CF, interſecting A F in F, and determining 
the poſition of the windmill F; from C draw the 
indefinite lines CM, CK, C L, &c. which will 
determine the points MK 1. &c. draw K L and 
mn parallel thereto, to repreſent the line of cavalry. 


G 84 Remove 
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Remove the table from Cito Dy, ſetting up a 
ſtaff at C, meaſure C D, and ſet off the diſtance on 
CCB from your ſcale, place -the;needle at D, the 
index on CD, and turn the table till C Goincides 
with the ſights, and take the remarkable objects 
which could not be ſeen from the other ſtations. 
Staves ſhould be placed at the ſinuoſities of the 
river, and lines drawn at the ſtations A, C, D, B, 
to theſe ſlaves, which will givethe windings of the 
river, „ 21 & 21 Init to 504; 9114 /4:0) ! 4k 
Having rhus determined the! W objeRteof the 
field, ſketch on it the roads, hills, &. 
PROBLEM4Ag. Ta Jake a plan of "the ene of an 
attack, fig. 2, plale 29. N $3 
Ihe plan of trenches taken with accuracy; gives 
a juſt idea, of the objects, and ſhews how you may 
cloſe more and more upon the enemy and be co- 
vered from their enfilade fire, and alſo how to pro- 
ceed in the attack without multiplying uſeleſs 
works, which increaſe expence, nugremthe la- 
pour, and occaſion a great loſs. of men. 
eaſure a long line A B, parallel to dhe front 
'of che attack DF, place the table at A; and ſet up 
a ſtaff at B, point the index to B, and draw a line 
to repreſent A B, faſten the table, and fix a needle 
av the point A, direct the line of; fights to the 
Hanked angle. of the ravelin C, and draw A C; 
Proceed in the ſame manner with che flanked 
angles D, E, F, G, to draw the lines at the opening 
of the trenches, plant ſtaves at H and R, from A 
draw a line on the table in the g AH, 
meaſure A H, and ſet off that mea ſure, from your 
ſcale upon the line AH on the table. 
Remove the plane table from A to B, ſet up a 
ſtaff at A, lay the fiducial edge of the index againſt 
the line A B, and turn the table about till the ſtaff 


| 4s * "0. 
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at A coincides with the line of ſight, then faſten 
the table, direct the fights to C, and draw-BC, 
interſecting Rat C; in the ſame manner aſcertain 
ther flanked angles D. E, F, G, draw a line in the 
direction BR, and fer off che meaſure thereof rom 
yourdeale.15c10 91 nion 65315 
Remobe the table from B to R, and ſet up a 
ſtalf at BM hete the plain table ſtood, lay the index, 
upon the line correſponding with R B, then turn 
the table about till the line of ſight is in the direc- 
tion B R, ſcrew the table, direct the ſights towards 
P, and draw on the table the line RP, and by the 
ſcale lay off it's meaſure on that line. 
Remove the plain table from R to P, lay the 
index upon the line PR, and turn the table 5 till 
the line of ſight coincides with R, ſcrew the table 
faſt, and draw a line upon it in the direction my; 5 
meaſure PQ, and take the ſame number of parts 
from your ſcale, and ſet it off on the line, and ſo on 
with the other ſtation 
Having removed the table to the ſtation 8, and 
duly placed it with regard to Q; from the point 
$, draw the lines S V, ST, SU, ſetting off from 
your ſcale their lengths, correſponding to their. 
meaſures on the ground. | 
Having thus taken the zigzags RPO, 8 TW, . 
B eee UUW Z of the — * you remove 
the plain table to H, and proceed in a like manner 
to take the zigzags H I K, &c. as above, which 
will repreſent on your plain aa. the plan of the 
attack required. 


Or LgvELLING, fig. 48, Mat; 28. 


Levelling i is an operation that ſhews the height 
of one place in reſpect to another ; one place is ſaid 
fo be higher than another, when it is more diſtant 


from 


N — 
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from the center of the earth than the other; 
when a line has all it's points equally diſtant from 
the center, it is called the line of true level, whence 
becaufe the earth is round, that line muſt be a 
eurve, and make a part of the earth's cireum. 


ference, as the line AB E D, all the points of 


which are equally diftant from the center C of the 
earth; but the line of ſight A Gy which 'the ope- 
ration of levelling gives, is a right line perpendi- 


cular to the ſeini- diameter of the earth C A, raiſed 


above the true level, denoted by the curvature of 
the earth, and this in proportion as it is more ex- 
tended; for which reaſon, the operations which we 
ſhall give, are only of an apparent level, which 


muſt be corrected to have the true wn, when the 


line of fight exceeds 300 feet. 


Suppoſe, for example, thar A3 was meaſured 


upon the ſurface of the earth to be 6000 feet, as 
the diameter of the earth is 4182 $024 feet, you 
will find BF by the following proportions, ' 
41829024: 6000 :: 60: B F. equal to 
2 86096 which is 10 in. 33152, that is to ſay, be- 


tween two objects A and F, 6000 feet diſtant from 


each other, and in the ſlime; horizontal line, the 
difference BF of the true level, or that of their 
diſtance from the center of che partly; ” 10 in. 
3280 74. 8 bs 0 
by "When the Akmene en FO true val ap- 
parent level, as of B F, has been calculated, it will 
be eaſy to calculate: thoſe which anſwer to a leſs 
Ce for we may conſider the diſtances BF, 
b f, as almoſt equal tq che lines A I,. Aj, . 
: are 
As the are A B — 60600 feet is but very fan, it may 


be conſidered equal to the tangent AF, and in this reſpect, 


AF is a mean proportional between the whole ſeeant B C, 
and the exterior part BF, 


* 
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are to each other as the ſquares of the chords, or 
of the arcs A B, a b, becauſe in this caſe the chords 


and the arcs may be taken one for the other. 
Thus to find the difference fb of level, which 


anſwers to ooo feet, make the following pro- 


portion; 6000 f.: 3000 f.:: o, 86096: f by which 


will be equal to 0,59789, or 7 in. 17468. 
The point F which is in the ſame norievnectilins 


with A, is ſaid to be in the apparent level of A, 


and the point B is the true level of F; fo that B F 


is the PING ol the true level from "wy * 


rent. 


PROBLEM. 44. Fig: 49, plate 28. 

The above notions being ſuppoſed to know the 
difference of level between points B and A, which 
are not in the ſame horizontal line; then at A, make 
uſe of an inſtrument proper to take the angle BC D, 
and having meaſured the diſtance CD, or Cl, 
by a chain which muſt be kept eee in 992 
ferent parts of it on the ground A LVB, you may 
in che triangle C DB, conſidered as rectangular i in 
D, calculate BD, to which add the height CA 
of the inſtrument, and calculate the difference of 
level D I, as we have ſhewn above. 

But as this method requires. great accuracy in 
meaſuring the angle B CD, and an inſtrument 


very exact, it is often better to get at the ſame end 
with a little more trouble, which is e by the 


following method. 


PrRoBLEM 45. Le of the foirit or wafer Jevel, * 


50, plate 28. 
Place the level at E, at equal diſtances from 
B and G, fix one ſtation Raff at B, the other at G; 
your inſtrument being adjuſted, look at B, and let 
the vane be moved till it coincides with the line of 
ſight; then look at the ſtaff G, and let the vane 


be 
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be moved till it coincides with the line of ſight H, 
and the difference in height ſhewn by the vanes on 
the two ſtaves, will be the ry or t - 
bers ch dle deb TENG PSY 88 k 

the vane at G was at 4 f. 8 in. and at B f. 9 in. 
ſubtract one from the other, and the retnathder 11 
inches, will be the differente in the levellbetween 
the two points B and G; you may proceed in the 
ſame manner with the other points, but more need 
not be ſaid on this head, as. I have already treated 
this ſubject very 9 in 122 wunden part of this 
work. | | 240 13 1414480 „ 
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Definition 1. Perſpective is the art t of Gele 
the repreſentations of bodies upon a plane, and 
has two diſtinct branches, linear and aerial, 
Dioefinition 2. Linear perſpective ſhews the 

method of drawing the viſible boundary lines of 
objects upon the plane of the picture, exactly 
where thoſe lines would appear if the picture 
were N ; this 2 is called the out- 


* 


lines E 4 7 ER, E 8, &c. be drawn, cutting he 
glaſs. (or picture) i in q. r, s, &c. theſe points of in- 
Wies, wi be the perſpective err 
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of the original QRS T, &c. and if they are joined, 
qrst will be the true perſpective delineation of 
the original figure. And laſtly, if this out- line be 

ſo coloured in every part, as to deceive the eye of 

a ſpectator, viewing the ſame at E, in ſuch a 
manner, that he cannot tell whether he views: the 
real object itſelf, or it's repreſentation, it may be 
truly called the picture of the W it is  defigned 
BT. 5:1 

Definition 4. When the eye, or peaeclig point, 
is ſuppoſed at an indefinitely great diſtance, com- 
pared with the diſtance of he picture and the object 
to be repreſented, the projecting lines being hen 
ſuppoſed parallel, the delineation is called a pa- 

rallel one, and by the corps of engiaber ge miletary 
perſpective. | 15 

Definition 5. II this ſyſtem of parallel rays be 
perpendicular to the horizon and to the Fine, 
the projection is called a plane. 

Definition 6. If the parallel rays be borirental; 
and the picture upright, it is called-an elevation. 

Definition 7. A right line Ee, Ig. 2, plate 39, 
from the eye (E) cutting the plane of the picture at. 
right angles, and terminating therein (\ e) is 
called the diſtance of the picture. 

Definition 8. The point e, where this centrel 
ray cuts the picture, is called the center of the 

icture. 

' Definition 9g. The point X, fie. 2; plate 30, 
where any original line cuts the picture, is called 
the interſection of that line. 

Definition 10. The ſeat (F, fg. 2, plate 30, of 
any point E upon a plane, is where a perpen- 
dicular from that point cuts the plane; thus, if a 

erpendicular E F, be drawn from any elevated 
point E. to the ground plane F GN at F, this 


point 
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Seim F is called the ſeat of the pon: 10 ran, the 
ground plane. ee 
Doefinil ion 11 [Apparent magriizuds i is ae d 
by the degree of opening of two radials paſſing 
e extremes of bodies, whoſe apparent 
magnitudes are compared; thus, the apparent 
magnitude of QR, fg::3; plate 3o, to an eye at E, 
is meaſured by the optic angle QE R. Hence 
it is evident, that all objects viewed under the 9 
angle, bave the ſame apparent magnitude. 
Definition 12. The interfection G N, 741 
plate 30, of the picture with "ye Papen plane, is 
called the ground line Late en e 
Definition 13. K hade reffing through the eye, 
and every where parallel to the ground (or ground 
plane, as it is commonly called, becauſe it is ſup- 
poſed every where flat and level,) is called de 
horizontal plane; as K h n, fg. 2 plate 30. 
Doe finilion 14. The interſection of the mas 
tal plane with the picture, is called the horizontal 
line; thus hen, g. 2, plate zo, is called the hori- 
20ntal line, being 8 interſection of the horizontal 
plane Ehe n, parallel to the ground plane F GN. 
Definition 15. The center of any line is FO a 
perpendicular from the eye cuts it. 
Definition 16. A plane i E Fg b. thei A no. 2, 
plate 30, paſſing through the eye E, perpendicular 
to the ground, is called the vertical plane; and 
that part of the ground plan g f N which lies to 
the left hand, is called amplitudes to the left, and 
all that lying on the other ſide, amplitudes to the 
right, their meaſures being taken on the baſe line 
G F N, or it's parallels, as auen are * fs or 
it's parallels. 
bea tion 1. Parallel and equal ſtrait lines 
6 . 


appear 


* 
: 
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appear leſs, as they are farthet r 
oye. ve, » 1171 2 NOI 201-vd) @ nn 
Loet OP, QR. fg. dee a elf 
parallel ſtrait lines viewed ac thy PBH! 
being the fartheſt off, will appear tie dcaſt? 


For draw E P, and E R, cutting O Ih T Hrn 
QR and Or have the ſame #þparetit hiighttute, 
(@finition 11, ) but Or igontyWpatt pf P! 
* Ovrollary. Similar figurts patalleliy ftuated, 
appear leſs, the farther they are removed front the 


eye. 6209 31497 9ff ] e Gan 


N . 


viz. that point which is the interſection with the 
piAure, and a line paſſing through the cye paralle] 
to the original parallel line. 


For fince PR is parallel 10 E O Q. let RQ 


be parallel to O P, and therefore equal to it. By 


the laſt propoſition, the farther RQ is taken from 


OP, the nearer it {the repreſentation of the point 
R) approaches to the fixt point O, and the caſe it 


the ſame with any other line parallel to PR; and 
therefore, if all the parallels be indefmitelyj pro- 


duced, that is at leaſt till the ſtrait lines meafuring 


their diſtance become inviſible to the eye, they 
will all appear to vaniſh together in'this pbint, 
! 


: 


which, in conſequence thereof, is called the v2. 
niſbing point of all thoſe parallels. nn . 


Corollary 1. Hence all original parallel planes 
(PRS) interſecting the picture, (as in Pp, ) ſeem 
to converge to a right line therein, viz. that line 


O o, which is the interſection of the picture, with 


a plane QO Eo q, parallel to them all paſſing 
through the eye. | TELL 
For ſince p 8, fig. 3, plate 30, is parallel to o q. 


1 


therefore 


no hed fror the 


* Propoſition 2. All original! parallel Hrait lines, = 
P R., fp. 3, plate 30, which eut the picture (at P. 
appear to converge to the ſame point O therein; 
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gelen appear aponyergetole's vaniſhing | 


pr o, egoing propoſition;; and 
bort Rene 2 7 appear th tæid 
1 ve Lamang therefore the line RS 
Iſo appears. i thecline Oo and chis 
is the ca I pla 5 5 ae o P.R/S/p,rard 
| ne ler Re ey Pr uced till chey beoome in 


viſib 150 8 oV ee meet an O o; wWhence 

thig] line is called. the vaniſhing of all choſe parallel 

P lanes. "tt b5vgy 101 918 vas 19141187 art! "#1 91 1830 | 
Corol ollary 2. The repreſentations of original lines:- 


paſs, through their interſections / and «vaniſhiti 
points, and of original planes through their inte 
ſections? a vaniſhing lines, 01 9419V1109 09 16: gel- 
Corallary 3. Lines, parallel to dhe picturez hue 
parallel repreſentations. Attikteg ais Die” 91. 
For in this caſe, the line E O, Which ſhould p pro- 
duce we vaniſning point, never cuts|the N 1 
Gorollary.4-;, Hence the repreſentations of plane 
figures parallel ah Bs kunnt, their! 
ori A als. Ih 10! 171 An 41 1651045! 1 * 4 
tg 7016 64 Ig. 40 d be the repreſerina.. 
tion, of theoriginal figure QRS/TY, to an eye at 
E; then all the lines q r, 18, St, & being ref 
pectixely eee! to their originals QR, RS; ST. 
&c. 88 Well, as the diagonals, t q; Obb. 
heref et] o inſeribed triangle q t u, and(@ TU; - 
imilar to each other, (and fo of alb the other 
b e and therefore ow Re 4 rand. ihe . to 
RSI. e 16105414 | 
Corollary. 5. The length of mes line in the1 re- 
preſentation is to that ot it's reſpective original, as 
the diſtance of the picture to that of the original 
Po. for all the triangles EU, Equ, EQR, 
qr, &c. are ſimilar; thereforeas Eq is toqu, 
ſo is EQto QU; _— in qu is to Q, fo is 
the 


9 


' 
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the diſtance of the picture, to the diſtance "nt 
the plane QU. 

Problem 1. Having the center ad diſtance of 
the picture given, to find the A ene of any 
given point thereon. / 

From the eye E, fig. 5, 3, date 30, to the center of 
the picture e, draw E e, and parallel to it Qd from 
the given point Q, cutting the picture in d; join 
ed, and draw E Q, interſecting e d in q, the 
perſpedive place of the original point Q. 

For e d is the repreſentation of the original line 
dQ, indefinitely produced from it's interſection 
d, till it appears to vaniſh in e; therefore q muſt 

be ſomewhere in this line, pr. 2, cor. 2; it muſt 
| alſo be ſomewhere in E Q, and therefore in the 
point q, where they interſect. _ 

Problem 2. The center and diſtance of | the 
picture being given, to find the repreſentation of 
a given line QR, fg. 6, plate 30. 

Produce RQ,, to interſect the picture in- X, 
draw EN parallel to R QX, cutting the picture 
in V, the vaniſhing point of the line RX; draw 
E R and E Q, cutting VX the indefinite repre- 
ſentation of R X, in r and q, and r q is the re- 
preſentation of R 2. 

This needs no demonſtration. 

Problem 3. Having the center and diſtance of 
the picture to find, the repreſentation of an origi- 
nal plane, whoſe poſition with reſpect to the pic- 
ture is given; draw any two lines (except parallel 
ones) upon the plane, and find their vaniſhing 
Points by the laſt problem ; through theſe points a 
line being drawn, will be the een line re- 
quired. | 

This is evident from prop. 2, cor. 1. 


Problem 4. Having the center and diſtance 1 
| the 
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the picture given; to find the vaniſhing point of 
| lines, perpendicular to a plane whoſe repreſentation” *' 
Let PL, fg. 7, plate 30, be the vaniſhing line 
of the given repreſentation, N it's center, e that of 
the picture, and e E it's diſtance; join EX, and 
perpendicular to it draw Ef, cutting x e in f. 
For EP L is the original plane, producing the 
vaniſhing line PX L, and E F being a viſual ray, 
parallel to all the original lines that are perpendi- 
cular to the plane EP L, or it's parallels; f is 
therefore the vaniſhing point of all of them. 
Corollary 1. When the vaniſhing. line ' paſſes 
through the center of the picture, that is, when 
the parallel planes are perpendicular to that of the 
icture, the points X and e coinciding with Ef, 
cine perpendicular to Ee, or parallel to the 
picture, and therefore the lines will have parallel 
repreſentations; 5; 031 8 
Corollary 2. If the original lines were deſired to 
make any other angle with the original plane than 
a right one, it is only making x E f equal to it. 
Problem 3. The center e, and diſtance Ee, fig. 
7, plate 30, of the picture, being given, and the 
vaniſhing point f of a line-parallel to Ef, to find 
the vaniſhing line of planes, perpendicular to that 
line whoſe parallel (E f) produces the vaniſhing 
point f. EN Po hy 
Join fe, and make E X perpendicular to, cutting 
fe, produced in X, draw P L perpendicular to 
ex, and PL will be the vaniſhing line required. 
The planes may form any angle inſtead of a right 
one, if that f E X be made equal to the ſame, 
Problem 6. The center and diſtance of the pic- 
ture being given, and the Hue point-of a line, 
2 | ha 5 


_ niſhing point 0! 
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to find the vaniſhing line of planes, perpendicular 


to the line whoſe vaniſhing point 18 en 83 


From f the given vaniſfling point, trough e, 


fig- 7, plate 3o, the center of the Dow ker 


fe X, and throuj h 99 5 2 tee i LI 
dicular to which draw e X, C ittins e in N make 
PXC perpendicular £ 6 K f a PL/wilbbe the 
vaniſhin F . - 203 VO 711081 Duo 65 

8 ing 41 ili ] 

Problem 7. . [avin . en the 'beniter und di. 
tance of the pi 15 tclingtoiv'of two planes, 
the vaniſhing. oi 9 of f'therh, and — Va- 

1 5 9 0955 interſect ON; to f 
the vaniſhing lir of th th e other plane. J YO bo 

Caſe 1. I. eli ination of the planes bea 
right ings, and 5 R . be 'the vaniſhing line, P 
the. vaniſhing point of their 1 ting) interſeQion. 
By the 5th. problem, e 115 e vaniſtüng point of 

ar al 


lines perpendicul: ie, 'whoſe: vaniſhing 
line is P L; JE which,is,the vaniſhing line 
required. 


For ſince this laft plane is perpendicular to the 
former, f will. be the vani iſhmg point/of.one/line 
in it, (prop, 2,) and P being the Vaniſhihgopoint 
of another, therefore Pf is the vaniſhing N 5 

Caſe 2. When the inelination'y ni Plate 
30, is greater or leſs than à rig whey, oo 10 By 

Let Nx be the vaniſhing line bf lone. plane 
x the i point of it's interſcetiuft te 


other plane; from the eye WE x; and per- 


pendicular thereto!” the plai NEM. imehlelding 
x N in N, and the picture in NN wake the 
angle N E M equal 10 nem the given inelination, 


join x M, which will be the required vaniſhing 


line. | 
For the planes deins parallel to che original 


planes 


* 


Pr. 2.) 


planes by conſtruction, M x, N x, are their. va- 


piſhing lines, (cox. 2 ö 

Problem 8. 10 | 
figure. "I Th I Red tr OTA Lawton: 
7 Find the xc | clentation of any one of it's faces, 
by probe 3, and, of, ine others by the laſt ;, if any 
ſide be conyex or concave, a number of points 
may be found therein, by pr. 1, and curves drawn 
cvenly,chrough them, will, repreſent the curved 
Tuperficies, required; or ſquares, or other regular 
figures may be., inſcribed or circumſcribed about 


the original figures, and theſe plane figures being 


* 1 


7 7 
11 
a * 


projected by the foregoing methods, together with 


a ſew points therein, by. which means the curves 
may be ſimilarly drawn about or within theſe pro- 
jected ſquares, &c. by this means alſo may tan- 
gents be drawn to the repreſentations of all kinds 
of curve lines, in all kinds of fituations. 


+ + © GENERAL REMARK. | 


So far I have endeavoured to render the prin- 
ciples of perſpective. obvious by a mere inſpec- 
tion of the figures. For the young artiſt, whoſe mind 


ſeldom condeſcends to mathematical reaſoning, 
may, in all the foregoing problems, ſuppoſe the 


plane of the picture placed upright upon that ofthe 
paper, (which paper he may conſider as the ground- 


plane,) the operator's eye (E) being always in it's 
proper ſituation with reſpect to the picture, as well 
as to the planes of the original objects. The data 
or things required to be known before objects can 


be put into perſpective, are their plans and eleva- 
tions, (ſee defin. 5 and 6,) which muſt be actually 
laid down by a convenient ſcale adapted to the ſize 
you mean your picture ſhould be, which may be 
very eaſily accompliſhed, for you muſt remember, 


h 3 that 
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k 
: 
"7 
if 
i 
4 

* 
it 
£ 


the projection of any ſolid 
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that the two extreme viſual rays, that is, thoſs 


which paſs from the eye to the two oppoſite borders 
of the- picture, muſt not make an angle leſs than 
tuo- birds, or greater than rec: fourtþs of a right 
one. With reſpect to the diſtance of the picture, 
it muſt be remembered, that objects cannot be 
ſeen diſtinctly nearer to a common eye than fix 
inches, and therefore in the ſmalleſt miniature 
pieces, the diſtance muſt exceed that quantity; 


p OP . \ P (4 F 


the height of the eye ſhould be about half the dif- 


* 


tance of the picture, and about the third part of 


the picture's whole height. - For example, if the 


whole height of the picture be 3, the diſtance 
from it ſhould be 2, and the height of the eye 1, 
If the plan, when laid down by it's proper ſcale, be 


bounded by a quadrangle GNcd, g. 9, 10. 2, 


plate 30; then the an line of the picture is 


ſuppoſed to be placed upon the ſhorreſt tide of it, 
and upright to it's plane; therefore this fide of the 
figure ſhould be made exactly equal to the breadth 
of the picture, and the other two adjacent fides 
ſhould, if produced, meet at the diſfance of the 
picture, as at F the foot of the obſerver, as is re, 
preſented in fig. 9, 10. 3. The problems already 
given are ſufficient for all caſes that can happen 
in putting objects in whatſoever poſition into per- 
ſpective; and though they are perhaps ſolved in fuch 
a manner, as to give the cleareſt ideas of the genuine 
practice ot perſpective, yet others may poſſibly prefer 
ſome of the following methods, which are how- 
ever eaſily deduced from the preceding ſyſtem. 
Example 1. Having given the center e of the 
picture PL N f, fig. 2, uo. 2, plate 30, it's diſtance 
e E, (12 inches) height of the eye E F, 6 inches, 
io find the repreſentation of a point T, whoſe 


5 depth 


* 
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depth in the plan i is 8 inches, and A 0 the 
Jeſt" TINENEY, . , 

Meibod 1. From fi in fN; oaks eben 5 W 
and having draw n T perpendicular to f N., make 
ir equal to 8 inches, then will T be placed in it's 
proper ſiuation, (and n will be it's ſeat on the pic- 


ture) join T E, (F as uſual being the foot of the 


obſerver's eye upon the ground plane, that is, in 
the * er, exa ple, 6 inches perpendicularly 
below the eye E,) cutting f N in t,. draw t o per- 


pendicular to f N, and join I E, interſecting to in 
o, the repreſentation of the point T required. 


Otherwiſe, if the point T be ſituated on the 


ground plane, draw F T, cutting f N in t, and ta 


perpendicular to f N, "cutting the viſual E T in A 
up = required. | 7 get 


* Ph 


— PT dus any we panier 


058 le fame point as at 8, make I S equal to the 


height it ſhould have, and draw E S, cutting the 


ber ots in as on ane pont. * 


S required ! 
Remark. This method: is very convenient in 


ſome caſes, as when there are many windows, Kc. 
perpendicularly over one another, &c. 


Method 2. In the horizontal line e E, fg. 2, 


no. 3, plate go, from the center of the picture e, 
take e E equal to the diſtance of the picture; from 
the given point Q draw Qd pre Nene to the 


ground line G N, make d equal to d Q, and 


join QE and ed, interſecting each other in d. 
the repreſentation of the point Q. 

Method 3. Perpendicularly over the center e, 
fig. 2, 10. 4, plate Zo, of the picture, take Ee, 


equal to the diſtance of the 1 ure, draw Q d per- 


pendicular to & N, join EQ anded, inter erſecting 
each other 1 in q; the point as before. 


H h 4 Remark. 


_ N 
—ñ . An os ee 


———— 


0 
g 
| | 
ji 
1 
N 
* 


A3 Abo tor A 
Ob oath es 


a 
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- Remark... Both theſe methods are in fact the 
ſame as that in prob. , as may be ſeen hy com- 
paring the figures wich each other, bring: marked 
wich the ſame lettersꝶ fon that puspoſę. It may be 
farther remarked, hat both ma ihe altęrnately. uſed 
in the ſame piece, fememhęringito uſe that which 
you judge will gixe the lunteſtiinterſection o chat 
is, whichever makes the angle qe the greateſt. 
And no ſuppoſing a clear knowledge both of 
the, theory and; practice to be obtained, it May not 
be amiſs ſhe w ho W Naturally ai practice more 
elegant and ſimple may be deducedy viz. by ſup- 
Poſing all, the planes te coincide with the paper, 
7 or plane of the picture, O19 518 NOE 9 | 
Thus, „g. 5, Plaſe 30, af the triangle q e E, 
qꝗd Q revolve round, dq e till they, faſi inio the 
plane L N. no change takes place in any of the 
comparative diſtances, a Ee, EQ, &, and the 
point ꝗ preſeres its ſituation on che picture, as in 
moved round on the point e, till at falls into the 
hopirontal line at n, and d; Abe moved ſimilarly 
round, tilliit becomes (as in . 3. i Go) parallel 
to e E, the ꝑgint ꝗ ſtill remaths-analtereds o 
ethod 4. Let m NfS Tr g. 2, 110 5s Plate 130, 
4 be:the. ground line, fe E perpendiculat to it, 
paſſing through the center of the pictuseſe, and let 
IE x equal toff N. be the diſtance of the picture, 
NF being perpendie ular- N, andthe xepre- 
ſentation of the point Q αheſe diſtance from Nr 
18 T 108 9114 2D 9710 tw YT 2113 bas 
equal to Qr, and draw e m, cutting NP in o, 
draw oq parallel to Nr, and ſ q to No, interſec- 
ting each other in q, the point required. 5 
Remark. The lines E*Q em, need not be 
* | ; RES EY 
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dtawn, but a dot made at's where the ruler croſſes 
nr, /and2ein; wtecthuare may alſo be applied to 
therlige Ns Hand dot made on it's fiducial 
edge at $3! thendf the ſquare be ſlid up till the fi- 
duciak edgdrcreſſes che marx at p; the point s will 
de transferred th, che repfeſentation of the given 
point, \obrained/Withort drawing any lines over the 
pictuxe. ( This meihod was firſt diſeovered by Mr. 
Beek, an ingenious artiſt; well-known for many 
uſeful N, p. Iris alſo more accurate than 
the laſt method in general, as the interſections are 
mort obruſdoub e od yero Iq 
Put nevertheleſs, when tie V points in a re- 
preſentation are projected very fear together, it 
is theo beft wayrto work dy che interſections and 
. vaniſhing! poiſitslof the original lines; for then 
having the full extent of the repreſentation, it's 
true direction my be aſcertained Yery correctly. 
The vaniſfning' points by this method are thus 
-. found; ( ſuppoſe for inſtanee of the line 10. inter- 
ſecting the ground line in J, in fe E, take e E 
"equal te H Af, rhar is, equal to the diſtance of the 
picture,) draw EV parallel to 1 Q. interſeRing the 
horizental Hane ho in V, the vaniſhing point of 


Ins all it's parallels. 


% 
» 


- ®E3ample2$7cToiput any plane figure, as QR'ST, 
er NM. NO P. into perſpective, plate 30, fg. 9. 
Tzhisibin fact only a repetition of the laſt; for by 
'findifig'theiprojections of the ſeveral points as be- 
fore; nothing remains but to join them properly, 
and the thing is done; thus the points m, n, o, p, 
projected from M, N, O, P, being joined, gives 
mp o n the repreſentation of the quadrangle 
MPON, &c. But if any line as po happens 
to be very ſhort, (fo that a ſmall error in 
point o, would conſiderably alter the direction 0 
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it,) find the , interſection and vaniſhing point of 
it's original; or if the vaniſhing point falls at too 


great a diſtance, as it very frequently does in prac. | 


tice, find the interſection E, and vaniſhing point 
Z, of any other line paſſing through the point O, 
as the diagonal O M, and the truth of the projec- 
tion may be depended upon. All the three laſt 


methods may be made uſe of in projecting the ſame 


figure; thus the point p, by the ſecond method, 
that is, make e E in the horizontal line, equal to 
E * k, the diſtance of the picture, draw P y per- 
ndicular to S X, and take y k equal to y P, join 
E k and e y, interſecting in p, which is a better 
interſection than the third method would give, 
viz. by drawing E P, but yet inferior to that in the 
n , © g 
Example 3. To put any ſolid body into per- 
ſpective. Find the ſeats of all the points upon 
the ground plane, and project them as before; 


let & be the ſeat of one of the points, g it's pro- 


jection, produce e g to the ground line a E *, and 


make E H perpendicular, and equal to the height 


of the given point, from it's feat join H e, and it 
will cut the perpendicular gg in g *, the repre- 
ſentation of the required point. „ 
Or, by the fourth method, (G S being equal 
to the diſtance of G from S X.) 
Make G * G > perpendicular and equal to the 
given height, draw G e, cutting S U in e, then 
ea g parallel to SX, will cut the perpendicular 
g £2, in the point g * required; or the point g 
may be transferred to g * by the tee ſquare,” with- 
put drawing gg ore *g 2. | | 
Proceed in this manner, till you have obtained 
all the requiſite points in the figure, marking or 
numbering them as you procced, or elſe eee 
- | them 


7 


„ wc. + n_mac 
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them by ſtrait or curved lines according to your 
original, by which means you may inſtantly ſee 
the connection of your work at all times without 
confuſion. | MOTT TNT LE KK 


Remarks. 1. Sometimes when there a great 
number of ſmall parts in a body to be perfectly - 


made out, it may not be amiſs to draw ſquares 


over the ground plane of the object, and find 
the ſeats of it's ſeveral elevated 15595 ; then by. 
P 


throwing theſe ſquares into perſpective, the po- 
fitions of the ſeveral points will likewiſe be found 
by inſpection, and the horizontal row of ſquares 
will ſerve as a ſcale for the altitudes of bodies, 


whoſe ſeats lie in that row, or both plans and 


elevations may be uſed as in fig. 10, plate 30. . 

2. Perſpective may alſo be practiſed without 
having any recourſe to ground plans, for by taking 
the horizontal angles, the amplitudes of objects 


are to be aſcertained, and by vertical ones their 


heights and depths in the picture; the angles thus 

taken, may be entered in a table of this form, 
Ver Vert. 1 

_ —— — EDD Yes | 
| Up. || Lett. | Right. Down. 


4 


Horizontal, 


X 1 
4 4 4 
| l : : . : : 2 


In protracting which angles you muſt make 
the diſtance of the picture radius, and lay down 
the angles by a line of tangents adapted to that 

= 1 „„ frladius, 


- = I n - F 
2ͤ ² ! ⁵² 3 


bo be ne 
n 


— — — > Ow — . 
— — . 2 — n — - 
n 
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radius, Which is therefore beſt done by means of 
the ſet 4 905 e editiouſly- by the - fourth 
for if 2 Nerfaclor be fixt at 
Nat 2 beet angles will cut the 

19 A * in the ſame places as if the lines 
8 {hin pl fed over the original points in the 
Lip in; and if the protiactor be fixt at e, the ſame 

N ay be fajd'8f SU'with feſ pect to elevations. 5 10 
Olic bodies may alſo be put into perſpective, 
by dra ing lines in particular directions, as from 
> Me . 90 a. circle, ot of concentric ones, and 
finding ders e of the fame, rails per- 
a Yroper- Heights; always ſup- 
"Ihe Fog J to "be ee Fs: oh 


Plate 1 221 * 311 10131 
15 3 991 wi ti Dis 185 . 


9117 Dis os 11: ern Snapaye, | 58 5 bo p43 
503. 21 Wales Qui | 
Hocke , as the: ſun, moon, "lamps, 


ni 
1 1 5 Irs "confidere das oints ; but the 


8 5 es, the advantage e of thei not being per- 


Fo Ng 987 the extremities 'of his ſha- 
1 oftened 1 in nature, and for 
thi Fs 99 Re thus Explained. 
LARS „ 10. plale 37, Mm the radius of 

4 EPL 35 "whoſe ſear | is Ts, and center is S; 
trom .the opaque body O, draw x r, touching the 
extremities of both the bodies on both ſides, by 
which means a penumbra or ſemi-ſhade, q x n, 

will be formed on each fide of the main ſhadow, 
which becomes, extremely tender towards the 
outer extremity, and from thence gradually 
ſtrengthens, till it blends with the uniform ſha- 
dow, which will, if the diameter of the luminous 
he reater than that of the opaque one, (meaſured 
int = direction of their centers,) converge to a 
point, as in fg. Il, Plate 31. 


N. B, 


is called the ſnading body; and thoſe, that are im- 
merſed in che ſhadow, are called ſhadowed bodies 
Probiew-. T6. ind the (indom, ee 
oben a pia. 20 e S296 
Through en reh body 
touching all, the illun — pla NN N. 
and the interfoclions of theſe planes with, the 
Pune: will, giye the hound) darꝶ of the 


qui 3 279195 ib BIB. gc; N Airs ning f 
Example 1. Let che luminous 1 8 ; 


© The ſun' s ray, on FOG 


the Plane of projection ARS PAR: oth 81. 
1 055 Noibggg. 
be ſuppoſed parallel, Mercer t IR 


and the object. the paralls Saure a i 


planes | 


OS B, are parallel, and therefore ſince C Dis pA. 


ralld to B A, e it alſo, and the 


ſhadow a. parallel I. ole. Ke is 10. Nie 


height of dec 
to the 2 0 f 


ae 1 rig ; kad 


breadth as rad ius to he fige of the CT 2 5 er 
n 


Theretare, f N. hg 51 7 ro 
oAR, "Ag e the. angle AP 


fun” 8 altitude 155 ad R, 


make B 5 
8 Dod 51 ' 
comple 2. L ch e luminous' be dy VE a Mp 


placed at fig. 1 plate ; 2 the, of 0 its ect,” 4 pa- 
rallelogram WT ſtanding g pol 
ARS. 11110 0 


IR 


S D, and the rays OB R. 08; 


plane A 


from G, (the ſeat of the. Fling dice Pane N 5) 


draw G A R, GDS, interſecting” ays O. 
OC in RandS, and ARSD vibe he ſhac 


required, 
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N. B. The opaque body which caſts the ſhadow, 
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. drawn. 0 G. perpendiculat to che 
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Example 3. Where the ſhadow from the ſun, 
&c. paſles over different object. 

Continue the ſides C A D B, to A', A”, B, BY, 
&c. fig. 14, wn 31, and where A G, BH, cut the 
body GHIK, draw K GA,, IH B, making the 
angles AG A,, B HB, equal to the inclination 
of the plane GI to G B, proceed in the ſame man- 
ner with every new From or if the object is curvi- 
linear, tangents will always paſs through the lines 
'CA' and D B reſpectively, except when they are 
perpendicular. i 

Example 4. Let a lamp O, fig. 15, plate 31, 
throw a ſhadow on the body RS UT, and let 
QT U be the central line of the ſhadow from the 
Parallelogram, A B, upon the ground; draw OB, 
G P, parallel to QI, and from T to O P, draw 
T P, touching the plane Us of the body; from P 
draw PS u, Pw U, cutting the extremities of the 
ſhadow in U and u, and wUuS will be the 
ſhadow of AB upon the face US; proceed in 
like manner with all the other illumined faces. 

N. B. If TP never meets O P, it denotes the 
face of the body to beparallel to A B, and 
the ſhadow on that face to be a parallelogram. 
The ſhadows being thus aſcertained, may be 
put into perſpettive by the foregoing rules. 

Problem 10. To find the reflexions of objeQs 
upon poliſhed ſurfaces. 

Let fall a perpendicular upon the reflecting 
plane, to which draw a radial from the eye, as 
much below the horizontal line, as the real object 
appears to be above it. 

Example 1. Let AB, fig. 18, plate 31, be any. 
object placed on the water; from B draw B b, per- 
pendicular to the ſurface A b, which continue till 
the angles B Eb and C E b are equal; that Is (Eb 

cing 
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and b C vill be the reflexion AB. 
Example 2. When objects are upright, 
lines may be produced below the horizontal line, 


being a horizontal line) till bc is equal to bB, 


as much as the real ones are above it, ſee fig. 19. 


Or PARALLEL OR Military PeR8PpECTIVE. 


42 . „ Eta} latin 'y FYC4 £31 Es 
In this kind of projections, the eye is ſuppoſed 


to be placed at an indefinite diſtance from the 


object in the diagonal, and looking down upon it 
in an angle of 45*, ſo that the top, one ſide, and 
one end, are ſeen under the lame angle, and 
therefore appear in their true proportions with 
reſpect to each other; and therefore heights, 
lengths, and breadths, muſt be laid down by the 
fame ſcale, and all parallel lines made parallcl, 
ſee fig. A, plate 30. MT 1 


Or AkREAL PERSPECTIVE. 


Before we can give rules for regulating the 
force of lights and ſhades in a pifture, we muſt 
conſider what degree of it the bodies themſelves 
are endued with, according to their ſeveral. po- 
ſitions, with reſpect to the illuminating body. 
Propoſition 3. The intenſity of light upon any 
plane, is reciprocally as the ſquare of the diſtance 
of that plane, from the illuminating body. 

Let ABCD, fi. 16, plate 31, be the ſhadow of 


the ſquare a be d upon a plane parallel to it, which 


projection will therefore be a ſquare, and in pro- 
portion to a bed as the ſquare upon O A, to that 
upon O a; therefore ſince the real quantity of light 
is the ſame as would be received upon A B CP, 
the intenſity of it is reciprocally as the ſquare va 
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AB, to the ſquare upon ab, or as ſquare 7 A, to 
| ſquare O Ss. 
For example, if parallel planes are at the dil. 
tance of 1, 2, and 3 feet from a luminous 222 the 
intenſity of light upon them would be 1, 4, 4, &c. 

Corollary. All parallel planes are equally illu- 
minated by the ſun at the ſame moment. 

For his rays being parallel, the ſquares a bed, 
and A B CD are equal. 

Propoſition 4. If the ſun's beams fall perpendi- 
cular upon one face A B, fg. 17, plate 31, of an 


object, and inclined upon another A C, the inten- 


ſity of light on the faces, is as radius to the ſine 
of the angle of incidence. 


Produce AB to b, the quantity of light Ab 
receives, is the ſame as would be received on A C 


if b A were away; therefore the brightneſs is as AC 
to Ab, that is, the brightneſs of A b, or AB is to 
that of A C, as A C to Ab, or as radius to ſine of 
the angle of incidence AC b. 

Propoſition 8. A plane uniformly enlightened, 
does not appear ſo to an eye in different ſituations. 
For as all bodies are porous, the little ex- 
uberances will have their light and dark ſides, and 


the eye will view more of the former, as it is more 
nearly ſituated ina line with the rays of light, and 


more of the latter, the more it looks againſt 
them. 

The ſubje& of this propoſition is one great 
cauſe, of the graduation of light upon faces of 
buildings and other plains, and not altogether 


owing to a greater teint of air (as the artiſts call it) 


on that part, which is the fartheſt off. 

Remark. It is very neceſſary to obſerve, that 
tranſparent and poliſhed bodies are not included 
amongſt thoſe mentioned in this propoſition, W 

| they 


Ess ATs OM CEOME TRV, Ke. ft 


they teen molt fäminated YH hat part yh 
of r reflexion ca ua] to that of" i 17 
odies of this k 0 are not flät, 3 
jul br oken n by | 1 ippling e 
then the, tie 8 Tele ee from ſome part of 
almo every vave, and f $ exten ended ro a reat 
ſpace, hut is trongelt perpendicllar under the lu 
minary, 75 rn decreaſe $ on each fille,” e 
The caſe is the ane A the Ky,. Which i 
bright W the ſun's apPareng _Plice, Fit 
graduates. into a e azufe as it retires fa 5 
off, and for a reaſon nearly the fame; "for the p 
lacid particles Hoating above: us Having large in- 
terſtices between chew, a act in the fame, ander 1 
the rippling waves in Gore Water; and thete- — 
fore the more obliquely the Tight ſtrikes upon them, | 
the more united their force will be to an eye fitua- 
ted in the proper angle of reflexion. 
Propoſition 6. All ſhaded and ſhadowing obj eg 
would be equally dark and ind ec if che Y 
ber no ſecondary or re flected 99 3 
For light is not viſible of itſelf, But by firiking - 
upon, E bodies renders them fo,” and thefe Et. 
lighrened bodies ſerve as Tights to bodies; other | i 
wiſe in ſhade, and ſuch lights are called ſecondary | "= 
or reflected ones, the chief of which is the ſky.” 
Propoſition 7. Every body participates” of the 
colour of the light by which it is illumined ; for 
blue rays thrown upon a yellow body, will produce 
a green; red rays, purple; and purple rays, (chat 
is, blue and red,) black. 
Girollary. Hence ſhadows are often obſerved 
green in the morning or evening, for the ſky is 
always very green at thoſe times compared with 
other times of the day, owing. to the warm rays 
being more copiouſly Fe downwards“ 7, the 
I | un's 
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ſun's beams ſtriking more. obliquely on the at- 
moſphere, which partly acts as a priſm, and the 
ſhadows become more and mote blue, as the ſky 
becomes ſo; but clouds are of all Colours, and as 
they are denſer than the blue part of the ky, 
they throw ſtronger reflectibns, and“ uſe many 
accidental teints in the ſhadows of bodies; there- 


fore as the ſhadow of every bod) is Par cially 33 "Þ 


lightened by all the bodies ſurrounding it, it muſt 
partake of the colours of all of them, and this is 

the grand ſource of harmony in painting; of which 
ſyſtem the colour of the original light ſerves as a 


key, and ĩs to be attended as nicely to in painting, 


- 


as in muſic. e Pe 
Propoſition 8. Bodies partake more of the colour 
of the ſky, as they are farther oft. 
For the ſky itſelf is nothing but à body of air, 
which every where ſurrounds us, the natural co- 
lour of which is ſuppoſed to be blue; therefore the 


farther off any body is, the more of this blue air is 


- 


intercepted between us and the body, and therefore 


the bluer it is, and that in proportion to it's diſ- 
tee. V 


Or INSTRUMENTS FOR DRAWING IN PERSPECTIVE. 


Various have been the methods uſed to facilitate 
the practice of perſpective, as well for thoſe who 
underſtand, as thoſe who are ignorant of that art ; 
and though ſome have ſuppoſed that the warmth of 
imagination and luxuriance of fancy, which impels 
the mind to the cultivation of the fine arts, is not 
to be confined to mechanical modes, yet upon in- 
quiry they will find, that the moſt able and ac- 
compliſhed artiſts are often obliged to have re- 
courſe to ſome rules, and to uſe ſome mechanical 
contrivances to guide and correct their pencil. So 


*% "= a” ( $ 
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great is the difficulty, and ſo tedious the operation 
f. putting objects, in true perſpective, that they 
Fe. mo ly to their eye and habit for' ſucceſs; 
how, well they, ſucceed, we may decide from the 
portraits drawn. y, the beſt artiſts, and the dif- 
ferent judg ments formed concerning them. Mr. 
Eckhordr | has well obſerved, that there is no artiſt 
who wall be Hardy enough to ſay, that he can deline- 
ate (by the eye) the ſame object twice with exactneſs, 
and preſerve à juſt and ſimilar proportion of parts in 
each. In one of the figures, we ſhall find ſome of the 
parts larger than in the other: both cannot be right: 
yet ſuppoſing them perfettly the ſame, neither may 
be conformable to nature, Add to this, many ſitua- 
tions of an object occur, which no eye, however 
habituated, can repreſent with accuracy. 

On this account, I have a long time cdch fred 
to el an inſtrument that ſhould give the out- 
line of an object with accuracy. An hiſtory of my 
a contrivances for this purpoſe, though it 
might not be entertaining, would not be unprofit- 
able. Theſe eſſays have, however, now ſwelled ſo far 
beyond my intentions, that I muſt be as conciſe as 
poſſible. 4 muſt however acknowledge the valuable 
hints I have received from various ingenious men, 


but more e, from Mr. e whoſe | 
name has 1 50 


The methods moſt 10 in viſe are, I. The 
cameta obſcura. 2. The nl medium or plane. 
3. A frame of ſquares. ' The inconveniences and 
inaccuracies which attend theſe expegients, in- 
duced Sir Chriſtopher Wren, Mr. Ferguſon, Mr. 
Hirſt, My Father, Mr. Watt, Mr. Eckhardt, Pere 


contrivances to remedy their defects; of which, 
112 thoſe 


Touſſaint, and others, to have recourſe to different - 925 
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thoſe by the Rev. Mr. Hirſt, My Father, Mr. 
Watt, and. Mr. Eckhardt, are undoubtedly the 
beſt; Mr. Eckhardt's and Mr. Hirſt's vary but 


little from each other. Te 
.* Thoſe repreſented at fig. 1 and 2, plate 32, ap- 
Po to me far ſuperior to any that have been 
itherto contrived: the object is delineated on a ho- 
rizontal plane, the pencil may be moved in any di- 
rection, whether curved or ſtrait, with the utmoſt 
freedom. By either, the artiſt may be ſure of ob- 
taining the meaſure of every part of the object with 
mathematical exactneſs; and this is performed with- 
out any loſs of time. The inſtrument may be moved 
from any place, and brought back to the ſame 
with great exactneſs; and the outline may be 
formed either of a number of points, or one con- 
tinued line, at the pleaſure of the draftſman. 
| That repreſented at jig. 2, is the ſimpleſt of the 
two inſtruments : fig. 1, though more complex, 
merits, for it's contrivances and motions, the at- 
tention of the mechanic, as well as the draftſman. 
They both move with facility in every direction, and 
the whole operation conſiſts in looking through the 
fight, (which may be placed in any convenient ſitua- 
tion,) and moving the pencil, ſo that the apex of 
the triangle may go over the object, whoſe out- 
line will be delineated at the ſame time. 

To leſſen the expence, and render the inſtru- 
ment more portable, I have conſtructed an inſtru- 
ment ſomewhat ſimilar to that repreſented at fg. 
2, plate 32, but which moves only in' a vertical 
plane, the board on which the drawing is made 
being in the ſame plane with the triangle. 

There is another ſimple contrivance, by which 


any number of points may be aſcertained with 
eaſe and accuracy. * 55 TE 
0 
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To theſe we may add the parallel rule, and the 
perſpective compaſſes, either of which are exceed- 
ing uſeful for aſcertaining the relative meaſures of 
diſtant objects. The compaſſes have a fixed fight ;. 
but as there is no fight to the parallel rule, it's 
diſtance from the eye muſt be regulated by a piece 
of thread tied to it, and held between the teeth. 
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Mathematical ; and Prtoopia Inſtruments 


MADE AND SOLD BY 


GEORGE. ADAMS 


Mathematical 1 Maker to His Majeſty, and 
on to His Royal Highneſs the Prince N. Wales, 
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Pn. e for meaſuring lines: rin VT 
18. 


1 Ainet 8 5 © 
Drawing compaſſes with moveable points, bm 
58. 6d. to — 4 — 264 101 tor 3 o 
Drawing pens, from 1s. to- oy RR 5 oO 
Bow compaſles for deſcribing ſmall cireles, on 
38. to — 3 os. 59497 5 0 
Hair compaſſes for taking extents with accuracy o 7 6 


Beam compaſſes for deſcribing large circles, laying 
down diviſions, &c. 
Triangular compaſſes for transferring three points 
at once from any plan or drawing, from 183. to 1 1 ®@ 


Propor- 


- - 
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yk * . . d. 
proportionable compaſſes for diminiſhing Bi or £ 


«4 


drawings in any aſſigned proportions — 1 11 6 
Elliptical compaſſes with friction rollers, for 1 
drawing ellipſes — 4 4 © 
Elliptical compaſſes on ＋ conſtruction, 
anſwering at the 3 the purpoſes bean ö 
and calliper compaſſes 4 4 0 72 
Spiral compaſſes for deſcribing ſpirals, anſwering as 
alſo as beam and elliptical compaſſes, from 61, 6s, 1 | le 
to — — „ | 


Parallel rules of various ;con{truftions. ., : 
A new-invented parallel rule, which for facility i in 
application, and e exceeds any other 
kind, from 88. 6d. to — 1 1 0 5 
Ditto with a protractor 5 5 | 
An inſtrument for drawing lines inclined in a given X 
angle to each other, though the angular point is 
at an immenſe diſtance, a rule exceedingly uſeful | 
in perſpective Sy Noa 
Various inſtruments for the purpoſe of dividing 7 
lines, or transferring diviſions on paper 
A cyclograph „or an inſtrument by which circles 
may be deſcribed, from 4 or 6 inches radius to 
one as large as the orbit of the Georgium Sidus 8.5 6 -/ 
Plain ſcales and ſectors of different ſizes 
Square protractors, ſemicircular and circular = 
Pocket caſes of drawing inſtruments, from 75. 6d. to 5 15 6 
Magazine, or complete collection of drawing in- . 
ſtruments, at 111. 118. at 171. 17s, and from 


thence to — 50 o 0 
"proport compaſſes for aſcertaining the relative 
oportion of objects — . o 18 0. 


irſt's inſirument for drawing in perſpective 5, $5.0 
| : ee waver inſtrument for the ſame purpoſe, 
which will facilitate the operations of the artiſt, 
and greatly afliſt beginners | 1 
An inſtrument for facilitating drawing from nature, 5 
by aſcertaining a number of points 4 
Concave lenſes with ſquares for eye drafts 
Drawing glaſſes, or glaſſes: with a fight to vil, 
. draftiſmen 5 PREY LAS 
antographers for copying, ucing,. and en arg- 555 
ing drawings fr from al. 1 28. 6d. to — 6 6 0 


114 | Surveying 


| 
b 


Gunter's chain 


A larger ditto, in which the limb of the theodolet 
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Surveying Inſtruments. 


; 


Caſes of drawing inſtruments 
Parallel rules 


Plotting ſcales 4 | | 5 


Sets of plotting ſcales ; 


A ne- invented parallel rule, with plotting ſcales 
A parallel rule and protrattor hs 


A plotting ſcale, in form of a beam compaſs 
Protractors for laying down angles 


Ditto with a nonius and moveable limb — 2 12 
Ditto rendered more accurate, as the limb is made 

to movewith a tooth and pinion — 4 1 
Meafuring wheels 0 | 5 18 


. 


Meaſuring chains of 5o and 100 feet 


* * e 


Pedometers for meaſuring a given diſtance in walking 


Tape boxes, according to the length x 
Surveying croſs or ſquare — — 1 11 
Plain tables, with an index and ſights; by theſe 
the plan is taken on the ſpot, and does not require 
a future protr action —t. 3 13 
Beighton's improved plain table, with an index of a 
peculiar make; in this inſtrument the line of ſight 
13 always over the center of the table, the ſtation 
lines are alſo drawn parallel to thoſe meaſured 
dom the rd © oe TS 14 14 
Theodolets, or inſtruments for meaſuring angles, 
diſtances, &c. are made in various ways, ſome 
being more ſimple and portable, others more ac- 
curate, and with a greater number of adjuſtments 


— 


Theodolets, with four plain ſights, and a com- 


© paſs box, from zl. 58. to | 13 


| 5 
A ſmall theodolet, with teleſcopic fights and ver- 
tical arch | GR 9 9 


An improved ſmall theodolet with rack motions 


7 


protracto rtr 


A ditto of the ſame ſize, on a different conſtruc- 
tion, the vertical arch being fixed to a long 
axis; the limb does not ſerve for a protractor 14 14 

A 0 ditto, like the preceding, only moving 


with rack- work — 5 — a 


is made to ſerve occaſionally the purpoſe of a 


14 14 
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The lateſt improved theodolet, with double tele- 
ſcope, and every requiſite adjuſtment  '- 
Circumferenters, the principal inſtrument uſed in 
America, from 2l. 2s. to 
An improved circumferenter, ſo contrived, that 
the operator need not reſt the truth of his work 
entirely on the needle; it may alſo be uſed to 
ein 5. „5 
Air or ſpirit levels with teleſcopic fights, from 
al. 148. 6d. to — — | 12 
Air or ſpirit levels with plain ſights — 1 


Station ſtaves with esd, vanes for leveling 1 
A ſmall ſurveying compaſs, with ſights, a nonius 


diviſion, and three-legged ſtaff — 4 
2 


A ſmall ſuryeying compals and ſingle ſtick'- _ 
[The two foregoing inſtruments are portable and 
light, and maybe put with eaſe in the pocket.] 
Miners compaſſes, uſed for carrying on works 
under-ground, from 108. 6d. to  — 1 
Ditto with a ſmall teleſcope fixed to one ſide 1 
Green's teleſcope and tangent board, for meaſuring 
diſtances at one ſtation : (it is obvious, that on the 
meaſuring of a ſtrait line with accuracy, the 
whole buſineſs of ſurveying depends; Mr. 
Green's method is certainly more expeditious 
than any other, and is not liable to jeltibas | 
which may be made to them) ICT 
Optical ſquare, a ſmall inſtrument for ſurveying by 
right angles; it requires no ſtaff, and may be 
eaſily correQed or adjuſteclä 1 
An optical inſtrument for determining with ac- 


Military Inſtruments. 


Gunners levels or perpendiculars 
Gunners callipers : 
Beam callipers 
Shot guages 
Shell ditto | 
(Gunners quadrants with a plummet - 
Pitto with a level „ 


31 10 


4 14 


26 
curacy when ohjects are in a ſtrait ine — 1 7 0 


0 O o 60 


= 
Le 58. d. 


0 
6 


0 


0 
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Ditto with an adjuſli ing ſcrew 
Ditto and perpendicular combined dotenter 
General Williamſon's inſtruments for howitzers, 
| mortars, &c. a 
Surveying compaſſes, farveving croſles, caſes of in- 
ſtruments, teleſcopes, plain tables, theodolets, &c. 


A complete” apparatus or A an officer, in a box e 


* p 
b Hens 
j fy 
+0208 Es 4 
- 1 ? 
Ji Fi 41") 


Inſtruments f or Navigation. 


Q 


Caſes of inſtruments, and teleſcopes of. different! 


kinds, ſizes, and prices 
Night teleſcopes, from 11. * 93 to — 2 2 
Opera glaſs for the ſame purpoſe— 1 11 


A teleſcope with an eye-glaſs micrometer,, for de- 
termining the diſtance of a ſhip at ſea | 


Hadley's quadrants in mahogany frames — 2 2 
Ditto in black ebony frames 134 4047 2 lies: wan Parti; Bris 

Hadley's ſextant in wood  — — 6 16. 
Ditto in braſs, on the moſt improved. plan, from _ 

111. 118. 10 — ener, ! 15 15 

Knight's ſteering. compaſs, with og emen 1 S558; 
Knight's azimuth ditto n ——— 5 46 b 
Ditto on friction wheels —— 10 | 


Marine barometers; by theſe. 1 have hens, | 
| foretold at ſea ſome hours before they happened 
Circular inſtruments, to anſwer the. Fe of the 


ſextant „Hos 17 17785 ' $53 $3574 $435} | 


Dipping n from oe 3 128. to. fork 84,40 - 


Optical Inſtruments.” da Kr 


* 


The beſt double. jointed filver ſpefacles, with | 


glaſſes — m 8. 
The beſt ditto, with Brazil pebbles | x# 5 1 16 
Single joint ſilver ſpectacles, with glaſſes 4 15 
Ditto, with Brazil pebbles _ - oy ai. BY 
Double-joint ſteel ditto, with glaſſes WM: © 
Beſt fingle-joint ſpectacles — 1 

O 3 


| Ditto, inferior frames, om 28. 6d, to 


0 


0 a 00 


© O 0 0 0 0 


2 
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Noſe ſpeRacles, mounted in 2 700 3 rn 1 ie 1 
Ditto in tortoiſe ſhell and ſil yer 0 
Ditto in horn an ſteel Wee ne : Se | 1 
SpeRacles for couched eyes | „ 
Spectacles with ſhades 5 
Concave glaſſes in 4 SRL for wort- FR? eyes 
Ditto, mqunted i in tortoiſeſhell and 15 5 pearl and 
ſilver, in various manners, and at different prices 
Reading glaſſes, from 28. 6d. to — 

Opera glaſſes, from 10s. Gd, to 
Ditto on an improved conſtruction, 11. 78. and 
Ditto to be uſed at ſea by night — 
Diagonal operas of a new conſtruction _ 


| Teleſcopes of various lengths, ſizes, and prices fig, ie 


ra. 


„ 9 © 
— 
— 


> Je ; 
of x 7 
7 * 


& # 


"0 O 0 


Acromatic teleſcopes, portable and convenient for FN 


the pocket; the ſliding tubes are of braſs, and 
therefore not ſubject to the inconveniences bÞ. 216: 


thole that are made witif'vellunt drawers, from W N 


Teleſeopes to be uſed at ſea by night! en e BALE. abrup: 
Acromatic perſpective mow for the Pocket, ben 


my 


An optical vade wi6ctink”" or portable Schote 
teleſcope and microſcope,” from gl. 13s. 6d. to 4 
A thirty-inch acromatic' teleſcope;' with different 


eye-f ieces for terreſtrial and celeſtial 'bjefts; ts bs . 


this is one of the moſt pleaſant teleſcopes that is 
made for general purpoſes, from 81. 88. to 11 


An acromatic hana pe, : about three feet and an half 6 hits 
long, with Mifferent eye. piece: ?? 18 mY 
A three-feet reflecting teleſcope, with four magni- e 


fying powers, with rack-worx g6 b 
A ditto, two feet long, with ditto — 21 
A two- feet reflecting teleſcope, w with two powers 12 3 
An eighteen-inch dude} jaw 6 8 
A twelve-inch dittio⁊ñäͤn0 — 5 
Adams's LUCERNAL MICROSCOPE, for opake and 

_ tranſparent objects; it does not fatigue the eye, 

is in, all cales a proper ſubſtitute for the ſolar 

| microſcope, and on many occaſions ſuperior to 


3 a 21 0 
A ſmall doudle-reſlecting microſcope eee lf | 
A larger ditto. 8 — 3 13 0 


An improved univerſal double microſcope 
Ditto fitted up. in a different form, from Bl. 85, to 14 14 


Ellis 


PR” 
* e 
* 
1a 8 
- 
» 


©0000 - Py 4 : 


00 900 


ue 
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PRICES OF GLOBES, | 


23 "7 diameter, mounted in the common 
manner | 35 

28 ditto mounted in mahogany frames 50 

28 diito frames carved and ornamented 

18 dittio mounted in the common manner 6 


Mr 3 | * 3 i | #: F, d. 
Eklis's aquatic microfcope 7 111 
Ditto with an adjuſting ferew -!-⸗Äö? 1 8 
Withering's and other botanical N from 

205. 6d. to GG 5 1 9 6 
Srnall pocket microſcopes, from bs, to — 3 13 6 
Solar mic roſcopes — 6 
Ditio — 8 6 06 
Solar microfcopes for opike and tranſparent Rr 

from 26]. 16s. to — * 21 0 
A microſcope and lanthorn to imitate the Colas 

microfcope 
Curious collections of objects for the microſcope, 

either opake or tranſparent 
ColleQions of ſalts, properly prepared for the 

microſcope 
Magnifying glaſſes for botanical, anatomical, and 
other purpoſes, from 25. to — 1 1 6 
Small magic lanthorns, with twelve mall 2 glaſs 

fliders, from 108. 6d. to — 18 
Ditto with the fliders better painted Ee / 
Large magic lanthorns, from 11. 5s. to „ 6 
Optical machines for viewing perſpective prints, 

from 188. to — — 5 8 

tric balls — — os 8 
Small camera obfcuras, from 108. 6d. to — 39 0 
Rook and pyramidicel camera obſeuras, from . 

gl. 38. to | 7 7 0 
An artificial eye a illuſtrating the principles of 

viton 
Priſms, mounted in various manners 
Concave and convex mirrors, from 78. 6d. to 18 18 » 
Cylindrical gitto, from 11, 15, to 3 wo be ha 


Geographical and ALLOY Inſtruments. 


9 -- 
© 0 


6 Oo 


18 inches 
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{The three laſt· mentioned ee are thoſe s 
repreſented in plates V. XV. and XVI. of | 
my Aſtronomical Eflays.) 5 * 
A planetarium with wheel work, by Which the 
order and motion of the planets, their ſituation 
with reſpect to the earth at different 1:imes, and 
the reaſon of their appearing to be ſometimes 
ſttationary, and to move at other times in contrary 


directions, are rendered obvious to the eye 15 17 128 


A tellurian and lunarium for illuſtrating the phæ- 
nomena of the earth and moon, and forming 
a proper companion for the former 


1 5 05 GP; or ſeparate.) 


o 


4. * 4 
18 EASE am mounted in the common man- 
ner in mahogany frames A 3 * 
18 ditto mounted in the beſt manner, in 5 
Rained frames — — 0 
18 ditto mounted in the beſt manner, in $07 tt 
_ mahogany frames 44 8 0 
18 ditto mounted in the beſt manner, "> 
in carved frames — — 146 6 & 
16 ditto mounted in the common manner 6 _ o 
12 ditto mounted in the common manner 3 3 © 
12 ditto mounted in the common manner, | * 
in mahogany frames „ 8 
12 ditto mounted i in the belt. emen in 5 
ſtained frames — — 5 15. 6 
12 ditto mounted in the beſt manner, in CAPS 
a frames — I= 0 
9 itto mounted i in the common manner 2 2 0 
9 ditto mounted in the beſt manner ee e 
6 ditto mounted in the beſt manner 3 3 © 
3 ditto mounted in the beſt manner n n © 
3 ditto for the pocket — 0 10 6 
An armillary dialling ſphere — 40. 18 0 
An armillary ſphere, ſhewing at one view the real - | 
and apparent motion of the heavens _. 31 o 
An armillary ſphere, with a planetarium within it 31 - o 
Plain armillary 1 pheres | | 
A manual planetarium and tellurian ie 13 6 
A new inſ{trument forl8utrating the, pharnguiena | DE 
of the ſeaſons _ 4 10 0 
A ditto ſor illuſtrating che phaſes of the moon, 5 
and the cauſes of eclipſfess— — 4 10 0 
A manual planetarium i 1 cm & 


ME 5 
* 1 + + 
* * 


(The tellurian and lunarium may be combined [4 3 


A. corre 


— — — — — 
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A correft and elegant planetarium, lunarium, and 
tellurian, (ſee plate XIX. of my Aſtronomical 
Eſlays 85 e 17d oh 

Ditto with the diurnal motion to the earth 24 0. 

The moſt complete lanetarium, . A 
lunarium, plates XVII. and XVIII. 36 15 

Orreries, from 18l. 188. to  — 1000 © 

A ſmall quadrant, with an horizontal and e 
motion, for the inſtruction and amuſement, of 11. | 
young people — o 16 o 

A ditto framed in braſs, more accurately made and 1 

raduated — — 6 

A ſmall equatorial, being at once an accurate uni- 
verſal dial, and a Forubie obſervatory ; with it 
a great number of curious and intereſting pro- 
blems may be ſolved, and-any perſon ſoon ren- 
dered maſter of the ant of prattical | | 
aſtronom — 8. | 8 O 

Ditto on a larger ſcale, with a teleſcope, and more 

adjuſtments — — 6 38 0 

Complete equatorial Mues from 50 gs. to 80 0 © 

Tranſit inſtruments, aſtronomical quadrants, cir- 
cular inſtruments, according to their ſizes, the 
variety and acute of their adjultments, bp 


O © 


9 © 


Inſtruments for Fele y 


A mall detrital dine: with a ele oped TI 8 0 
An electrical machine and medical apparatus in a 
box; the machine is mounted in a plain but 
ſtrong manner, and ſo as to act with power; the 
apparatus is the moſt convenient and ſimple 
hitherto contrived for medico- electrical purpoſes 6 16 6 
Ditto with an additional apparatus lately contrived a 
for more eaſily giving partial ſhocks 17: 0 
Improved electrical machines, from gl. 138. 6d. to 40 0: 0 
Electrical batteries, from al. 128 bd. to 
Electrical jars of different ſizes 


Ditto with an electrometer affxed to Wenn 1 A 8 
Medical bottles, with a tube for nde the 
ſhock —— , — 99 ©." 4 6 


Ditto 
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C. . da 
Ditto mounted with a diſcha rod, and d an. n 
electrometer, on an "improve * „ for r Sripg on ales 
the electric ſhock” 5 ry 
Directors with glaſs bind br for medical Purpoſes, * 
Jointed diſchargers with glaſs handles IPod Bon '« 
Plain n rods — 9 3 
An univetfal diſcharger and Pf. VVV 
Kinnerſly's electrical thermometer e Ab 1 
Quadrant electrometer R 1.40, oh 
Cavallo's atmoſpheric electrometer, from 158. 0 Si ni, 
Ditto with additions by De Sauſſure  — 11 
Bennet's gold leaf electrometer— e : 


0 2 0 8 


An apparatus for making Canton's a 4 Wilſon's 
experiments on electric attraction, F is ls 

Compound apparatus, fig. 49, plate Il. of my. 15215 
Eflays on Electricity; Oy he, ap pparatus z a great, 


number of neat and ſatis attory experiments may 855 To 
be performed © — — aon 
Ditto without the exhauſted flaſk and conduftor +321. 
Leyden vacuum —" — e ® 
Luminous conduftors - — 1 1 0 
Spiral tubes, from 45. 64. to 5 — „% 
Coloured ſpirals : . mo | #7 Et M 9-0 
Sets of ſpirals, ſee plate 4 a 8 . 
on Kledricity (* Pf ORE 9, a 51 ws 4” 4-0 
' Luminous words, from 108. 6d. to — „ 
Spotted bottle _ S 8 0 
Belted bottle Plate III. fg fig. 46. „„ 
Double — a pleaſing and ufefuf p: BY of an | 
electrical apparatus, to gain a cieur ass of the = 
Franklinian theory © — — 0 18 0 
Plates and ſtand for dancing. images 1 e 9 
and pith balls. 1 A 
An artificial ſpider e e e Fw 
A ſmall head with hair 72 . 
An electrical piſtol for inflammable ai. — o 7 6 
Ditto mounted in ſets A 5 
An electrical cannon for gunpowder 
A thunder houſe — 0 6 6 
Ditto with a drawer — 0 8 6 
A powder houſe, fig. 89, 2 V. — 8 
A pyramid, fig. go, plate 5 — V 
Nicholſon's revolving doubler — 3 3 o 
A bone ball and a ball of box wood fitted on braſs 


wires 


| Electric flyer RY” points | 5 
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A plain ſet of bells, fig. 17, plate II. T1 
Five bells mounted on a ſtand, fig. 18, plate II. 18 0 
A ſet of muſical bells, fig. 19, plate II. 1 7 0 
Magic picture — — 0 10 6 


Electrical ſtools, from Bs. 6d. to 99 7 Ho 
An ele&rophorus, from 10s 6d. to | 


Apparatus for Experiments on Magnetiſm, 


An apparatus for explaining the principal phæ- 


nomena of magnetiſm, from gl. 38. to . 15 13 0 
Magnets b | | 
Small compound magnets 
Horſeſhoe magnets — 327 9 
Compound ditto, from 15s. to — 121 © 0 
Dipping needles, from 121. 128. to —— 1 20 0 
Variation compaſſes, from 21. 128. 6d. to 21 © © 


( 


Inſtruments for Experiments on Pneumatics. 


A ſmall ſingle-barrel air- pump — 


© 80808 


2 1 
A {mall double barrel ditto — 4 14 
A larger ditto — 6 16 
A table air pump — — 10 10 


The American double barrelled air pump, the 
lateſt improvement on this inſtrument, in 
which the air receives no impediment from the 

action of valves or cocks, exceeding Smeaton's . 
in accuracy and ſimplicity, and far ſuperior in 
both reſpetts to ſeveral later contrivances 

A condenſing engine; this may be, if deſired, com- 

bined with the former, but the rational and 

practical experimentaliſt will find many advan- 
tages in having them detatched from one another 


. Apparatus 
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Apparatus fora an | Air Pump. yp 


2 


2 fd "* . * % ' 
N - 1 1 


1 
* 
3 


* 
— 


The madgeburg hemiſpheres, "RO 128. to 1 

A flat plate and collar of e for placing on 
open receivers 5 

Guinea and feathet 2 paratus, fot experiments 
on the reſiſtance of pp air, from 18s, to 


+ 
— 


ha 
ou 


* 
8 > = 2 


4 
A ſet of mills for ditto _ — — i 1 
A ditto on a better conſtruction wo 9 8 
Bell apparatus, for ſhewing that a vacuum 3 not 
communicate ſound — — 0 
Ditto on a better conſtruction { 6 
Ditto with wheel-work, by which the bell may . 5 
put in motion or topped at pleaſure ks 6 
A new apparatus for ſtriking flint and ſteel in vacuo be - 
An apparatus for firing gunpowder i in vac 
A copper bottle, beam and ſtand, for weighing ofair 2 | 16. 
A box bladder and lead weights, to ow ag ant. 
power of the air — | . 3 
Ditto on an improved plan ak 
A model of a pump, illuſtrating at the ihe re 5 
: the nature of pumps, and proving that, hore! Is £ 
no ſuch thing ; as ſuction — 1 5 0 
A ſmall receiver and plate, which clearly evinces 1 
that receivers are kept on the pump by preſſure, f 


— 4 


= — 


not ſuction —— FV 
filtering cup — — — 0 
A plate and piece of wood  —. — 0 
7 he two laſt articles are for ſhewing the poroſity 
of vegetables). r 
The torricellian experiment 0 5 
ountain in vacuo — * O 5 6 
Ditto on a different conſtruction — 8 
Lungs glaſs — — s £ 
itto on a different conftriafion „ : l 
A fingle transferer plate and pipe for a e o 15 6 
A double transferer, for communicating a vacuum 
from one receiver to another 3 


0 
A burnt air pipe, for experiments on infe cted air o 18 © 
An uren io illuſtrate the lateral e of wy 


K K 5 1 8 5 Breaking f 


- F 5 * *. — 
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Fahrenheit's thermometers, from 11, 18. to 


1 
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Breaking ſquare and cage 

A ſmall bladder and lead weight Sate 
A {mall balance beam and ſtand — 0 
Ditto on an improved con ſtruction | 


Receivers of different ſizes | 
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A plain ortable barometer 
Ditto with a thermometer 


f 
— omen 


2 


A plain barometer, covered frame and glaſs door 1 
1 


Ditto with a thermometer — 3 

A barometer wich a long cylindric thermometer Ke 

A ditto wich ditto, and De Luc's hygrometer 7 

A barometer and thermometer, with a guage, the 
indexes moving by rack-work 

A barometer for meaſuring the altitude of moun- 
tains, Kc. | 

Marine barbie 

Diagonal, wheel, and ſtatical birocaciers 


— — 


2 
Ditto for botanic purpoſes — 0 
Ditto for the brewery | | "Is 
De Luc's hygrometer ; theſe. are the only inſtru- ' 
ments by which comparative obſervations can be 
wade on the dryneſs and moiſture of the air, 
from gl. gs. to — — 7 
Rain guages | | | 
Dr. Lind's wind guage 
Hygrometers with the beard of the wild oat o 
Fontana's eudiometer for alcertaining the purity 
of the air 


— 12 2 


10 6 


15 


1 for illuſtrating the Mechanic 


Powers, the LAWS of Motion, &c. 


A conciſe apparatus thr illuſtratin the nature of 
tac e ballance, the pulley, the alte kinds of 


levers, 


00 Oo Goo 


. 
0 
© © O 


\ 


perties of the center of gravity, from 21l, to 
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levers, the inclined plane, the wheel and axle, 
the ſcrew, a INE engine, and a compound 
lever; alſo, a 


clined plane, and other pieces to ſhe the pro- 


A ditto on a more enlarged ſcale | | 
Atwood's apparatus for demonſtrating with accu- 


racy the laws of accelerated and retarded motion, 
It is oneof the moſt pleaſing and ſcientific inſtru- 
ments in mechanics, as well from the variety of 
experiments that may be made with. it, as the . _ 


; 4 f 
26 5 7 
* 1 
Ms N 
; ' : 
* 


py 
7 


accuracy with Which they are performed 


A machine for illuſtrating the theory of central 


forces; in this machine the times are marked by 
. found, the ſpaces are ſhewn by an index, the 


errors ariſing from friction are ſo far leſſened as 
| 6 


to be ſcarcel ſenſible — — 
Pullies of various coinbinations and conſtructions 
A ſmall carriage, inclined plane, wheels of differ - 


ent ſizes, &. fo experiments on wheel carriages + 


Roberval's paradoxical ballance'  _. 
Cycloidal lever, ſee Emerſon's Mechanics, prop, 


20, 25. | I | 
Compound ſteelyard © 1 15 ee „ 


An apparatus for experiments on colliſion 


$ 


ouble cone to move up an in- 


; 
; : 
a 
„ 


* 


* 


; 


J f 


5 


4 


— 
0 4 


Ditto for illuſtrating the compoſition and reſolution 74 5 


of motian Fe 
Pyrometers on various conſtrudtions | 
With many other articles and models for expe- 
« riments on friction, pendulums, &c. too 
numerous to be comprized in a {mall catalogue 


and Hydraulics. 


Hydroſtatic ballances, from al. 28. to 1 


the ſpecific gravity of bodies 
itto for examining of coin 


Kk 2 


Inſtrumenis for Experiments in Hydroſtatics 


10 10 0 
licholſon's improved hydrometers, for aſcertaining 


Aconciſe apparatus for experiments on hydroftatics 21 10 0 


C. . d. ; 


oy 
vo 


A glaſs model of the lifting pump 


Hiero's fountain in _ RG 
Ditto doublg | 9212 


500 


An : app ages for ſhewitg that fluids bave weiht 
Ditto for ſhewing that the particles of fluids exer- 
eiſe theix preſſure independently one of the other 


Ditto to ſhe that fluids preſs in every direction 
Bitte to demonſtrate the lateral preſſure of fluids 
itto to ſhe that, cæteris paribus, the preſſure of 


fluids is as their perpendicular _ 
The hydroſtatic paradox 
The hydroſtatic bellows 


Apparatus for illuſtrating the laws of preſſure and 


equilibrium between heterogeneous fluids 


Ditto for illuſtrating the action of fluids upon 


bodies immerſed in them 


An apparatus for experiments on ſpouting fluids By 
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3 , 


Hydrometers for proving ſpirits, from 11. 118. 6d. to 4 14 6 


An apparatus for making experiments on capil» 
- lary tubes | 
The model of the diving bell 


A Gitto of the lifting and forcing pu 


Fountain of 1 


A japanned copper fountain to act by condenſed 


air with a variety of jets. 
Apparatusfor experiments on ſyphons, - 
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